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PREFACE. 



Thk Seliool Committee of the City of Boston haTing leeentlj 
fiumiihed the Grammar Schools with ajiparatcii for exempUQrioc 
tiie principles of Natural Philosophy, the author of this work, 
who, for ten years, has been at the head of one of these laift 
establishments, and has felt the want of an elementary treatise 
tmeneumbered vrith extraneous matUtf htt been induced to attempt 
to supply the deficiency. If he is not deceived in the result of 
Us labors, the work will commend itself to notice, by the follow* 
ing features : 

1. It is adapted to the present state of natural science; em* 
braces a wider field, and contains a greater amount of informatioa 
on the respective subjects of which it treats, than any other ele* 
mentary treatise of its size. 

2. It contains an engraving of every article in the Boston ScioU 
tet of phUosophieal apparatus ; a description of each instrumenti 
and an account of the experiments which can be performed by 
means of the apparatus. 

3. It is enriched by a representation and a description of^the 
LMomottM, as well as the common Steam Engine, 

4. Besides embracing a copious account of the principles of 
Electricity and Magnetism, its value is enhanced by the intro- 
duction of the science of Pyronomics, together with the new 
seienoe of Electro-Magnetism. 

5. It is peculiarly adapted to the convenience of study and of 

recitation, by the figures and diagrams being first placed, side by 

side with the illustrations, and then repeated on separate leaves 

at the end of the vt^nme. The nomber is also given, where each 

principle may be (band, to wfaioh aUnsiott is made, throogbout the 

fohuna. ^ 

a* 
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6. It presents the most important principles of science in a 
larger type ; while the illustrations, and the deductions from these 
principles are contained in a smaller letter. Much useful and 
interesting matter is also crowded into notes at the bottom of the 
page. By this arrangement, the pupil can never be at a loss to 
distinguish the parts of a lesson which are of primary importance ; 
nor will he be in danger of mistaking theory and conjecture for 
fiust. 

7. It contains a noJtber <tf oHgilia}. iUlistrations, which the 
author has found more intelligible to children, than those with 
which he has met elsewhere. 

8. Nothing has been omitted, which is usually contained in an 
elementary treatise. 

A work of this kind, frdni its very nature, admits but little 
ilriginality. The whole circle of the sciences consists of prinoi- 
|Aes deduced from the discoveries of different individuals, in 
different ages, thrown into eommon stock. The whole, then, is 
common property, and belongs exclusively to no one. The merit, 
therefore, of an elementary treatise on natural science must rest 
tfolely on the judiciousness of its selections. In ,many of the 
Works from which extracts have been taken for this volume, the 
author has found the same language and expressions without the 
usual marks of quotation. Being at a loss, therefore, whom to 
credit for some of the expressions which he has borrowed, he 
subjoins a list of the works to which he is indebted, with this 
general acknowledgment; in the hope that it may be said of 
him as it was once said of the Mantuan Bard, that ''he has 
adorned his thefts, and polished the diamond;^ which he has 
■tolen." 

The thanks of the author are due to Dt. J. W. Webster, Pro- 
fessor of Chemistry, in Harvard Unitersity, for the exhibition 
and explanation of a new anil highly interesting apparatus in 
the department of Electro-Magnetism, to which allusion is made 
in the body of thb Work 

It remains to be stated, that the Questions, at the bottom of the 
page, throughout the volume, were not written by the author, but 
were prepared by another hand. 

R. G. V 

la Orange Shruif AprU, 1837. 



NATURAL PHILOSOPHY 



SECTION I. 
Divisions of the Subject. 

1. Natural Philosophy is the science which treats 
of the powers and properties of natural bodies, their 
mutual action on one another, and the laws and opera- 
tions of the material world. 

2. The principal branches of Natural Philosophy, are 
Mechanics, Pneumatics, Hydraulics, Hydrostatics^ 
Acoustics, Pyronomics, Optics, Astronomy, Electricity, 
Galvanism, Magnetism, and Electro-Magnetism. 

3. Mechanics is that branch of Natural Philosophy which relatei 
to motion and the moving powers, their nature and laws, with their 
effects in machines, &c. 

4. Pneumatics treats of the nature, properties, and effects of air. 

5. Hydraulics treats of the motion of fluids, particularly of water; 
and the construction of all kinds of instruments and machines for 
moving them. 

6. Hydrostatics treats of the nature, gravity, and pressure of 
iSuids. 

7. Acoustics treats of the nature and laws of sound. 

8. Pyronomicf treats of heat, the laws by which it is governed, 
. and the effects which it produces. 

9. Optics treats of light, of colors, and of vision, or sight. 

10. Astronomy treats of the heavenly bodies, such as the sun, 
moon, stars, comets, planets, &c. 

] 1 . Electricity treats of thunder and lightning, and the causes 
by which they are produced, both naturally and artificially. 
12. Galvanism is a branch of Electricity. 

I. What ia Natural Philosophy f 2. What are the principal brandies of Nat- 
iml Philosophy f S. What is Mechanics f 4. Ofwhat does Pneamatics treat f 
A. Hydraulics? 6. Hydrostatics? 7. Acoustics f 8. Pyronomics f 9. Op 
ticsf 10. Astronomy f 11. Electrici^ ? 12. Of what is Galvanism a braadif 
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tt Mai^netism treats of the properties and efibets of the magnety 
or loadstone. 

14. Electro-Magnetism treats of the combined powers of £lee> 
tricity and Magnetism. 



SECTION II. 

Of Mailer and its Properties. 

15.. Matter is the general name of every thing that 
occupies space, or has figure, form, or color. 

16. l^he words substance, body, or bodies, are but different names 
for the same thing, and they are ail comprehended under tlie gen- 
eral name of matter. 

17. All matter is composed of veiry minute particles, which are 
connected together in different bodies, by different degrees of cohe- 
sion. 

18. Matter exists in two forms, namely, a solid and a 
fluid form. 

19. Matter exists in a solid form when the particles of which it 
is composed adhere tdgetber, so that one particle cannot be moved 
without moving the whole. 

20. Matter exists in a fluid form when the particles, having but a 
slight degree of cohesion, move easily among themselves. 

21. There are seven essential properties belonging- 
to all matter, namely : 1. Impenetrability, 2. Extension, 
3. Figure, 4. Divisibility, 5. Indestructibility, 6. In- 
ertia, and 7. Attraction. 

2*^. These are called essential properties, because no particle or 
matCer can be deprived of them, or exist without them. 

23. There are certain other properties existing in different bodies, 
called accidental properties, because they do not necessarily exist 
in the bodies themselves, but depend upon their connexion with 
Other bodies. Thus, color and weight are accidental properties, 
because they do not necessarily exist in the bodies tUat possess 

13. Of what does Mognetism treat f 14. Electro-Mafnetiam ? 15. Whar is 
Matter ? 16. What.iM meant by the words subutaiice, body, or bodies .' 17. Ot 
what is all matter com posed ? How are thef*e particles connecteil tofietherf 
18. In how many tbrms does matter exist .' What are they ? 19. When does 
matter exlat in a solid form ? 20. When in a fluid form ? 21. How many 
essential properties of matter are there ^ What are they i Why are they 
called essential properties i 23. What other properties exintin diiTerent bodies { 
Why are they called accidental properties i hte color and weight essential os 
•ccidenuU properties f WIty I 
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them, but depend apon their connexion with other things. [See 
(jrartfy and Optics} 

24. There are also certain terms used in Natural Philosophy, to 
express the state in which matter exists, such as Porosity, DenKilf , 
Rarity, Compressibility. Expansibility, Mobility, Elasticity, Brittle- 
ness, Malleability, Ductility, and Tenacity. 

25. By Impenetrability is meant the power of occu- 
pying a certain space, so that where one body is, anotli- 
er cannot be, without displacing it ; because two bodies 
or two portions of matter cannot occupy the same space 
at the same time. 

26. Impenetrability belongs to fluids as well as solid bodies ; and 
it is as unpossible tor a liquid and a solid body to occupy the same 
space at the same time, as it is for two solid l>odies to do so. The 
reason why fluids appear less impenetrable than solid bodies, is, 
that the particles of which they are composed move easily among 
themselves, on account of their slight decree of cohesion. [5ce 
JVb.20.] SB 

27. niustration 1st. Fill a tumbler with water, or any other 
liquid, and put a spoon, or any other article, in it : the liquid will 
flow over the sides of the vessel to make room for the spoon.* 

28. lUustration 2d. Put some water into a tube closed at one 
end ; and then insert a piece of wood that fits the inside of the tube 
very accurately. It will be impossible to force the wood to the 
bottom of the tube, unless the water be first removed. The same 
experiment may be made with air instead of water *, and proves that 
water, air, and all other fluids, are equally solid, or impenetrable, 
with the hardest bodies. 

-T'T29. The impenetrability of water was shown by an experiment 

* It is a well known fact, that a certain quantity of salt, the particles 
of which are supposed to be smaller than those of water, can be put into 
a vessel full of water, without causing it to overflow ; and as the parti- 
cles of which sugar is composed are smaller than those of salt, a por- 
tion of sugar may be added after the fluid is saturated with salt. This 
may be accounted for by supposing that the parti- -pur^ ^^ 

cles of fluids are round, and therefore touch one ** 

another only in a few points. There will be spaces 
between the particles in the same manner that 
there are between large balls which are piled on ' 
one another. Between these spaces other smaller 
balls may be placed ; and these smaller balls, hav- 
ing spaces between them, will admit others still 
■mailer ; as may be seen in Fig. 1 . 

34. What terms are used in Philosophy to express the state in which matter 
exists f 25. What is meant by Impenetrability * 26. Does impenetrability 
belong to fluids f Why do fluids appear less impenetrable than solid bodies I 
Wtafexamples are given in Illustration Ist and 2tl in prove the impenetmbility 
of tnids^ What is supposed to be the form of the particles of fltiids f What 
fbDows'ftvm this f What figure illustrates this i 
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made at Florence, many years ago. A hollbw globe of gold 
filled with water, and submitted to great pressure. The water was 
seen to exude through the pores of the gold, and covered it with a 
fine dew. [See note under JVo. U>6.] 

30. When an open phial, not inverted, is plunged into a basin of 
water, the air will rush out in bubbles, to make room for the water ; 
and if an inverted tumbler or eoblet be immersed in water, the 
water will not rise far in the tumbler unless it be inclined so that the 
air can escape. These are further proofs of the impenetrabiUty of 
air. 

31. When a noil is driven into wood, or any other substance, it 
forces the particles asunder, and makes its way between them ; out 
not a single atom of the wood can remain in the same space that 
the nail occupies ; and if the wood is not increased in size by the 
addition of the nail, it is because wood is a porous substance, 
like sponge, the particles of which may be compressed or aqueozed 
more closely together. It is thus they make way for the naU. 

32. By Extension, is meant length, breadth, and 
depth. Bulk and size are but different names for ex- 
tension. It is evident that every body, or portion of 
matter, must have size, bulk, or extension, which is 
measured by the portion of space which it occupies. 

33. The difierent terms which are used to express the extension 
of a body are length, breadth, width, height, depth, and thickness. 

34. Length is me extent from end to end. Breadth or .-width is 
the extent from side to side Height, depth, or thickness, is the 
extent from the top to the bottom. 

35. The measure of a body from the bottom to the top is called 
height ; from the top to the bottom is called depth. Thus we speak 
of me depth of a well, the height of a house, ^c. 

36. By Figure, is meant the form or shape of a bodj. 
Two circles or two balls may be of the same shape or 
figure, while they differ in extension. The limits of 
extension constitute figure. 

37. By Divisibility is meant susceptibility of being 

divided. . 

A body, however small, can be divided into halves, quarters, &c. , 
and these halves and quarters may be again divided in the same 
manner, although they may be too small to be visible to our eyes. 
There are some living creatures, called animalculee, so small that we 
eannot see them. To them a grain of sand appears as large as a 
mountain does to us. Our power of dividing matter ends where 
theirs begins; and it follows that this divisibility of matter is limited 

29. What example can you give to prove the impenetrability of water f 
90. What the air f SI. What solids ? 32. What is meant by Extension f 
S3. What terms are used to express the extension of a body f 34. What it length > 
Breadth i Height, depth, and thicliness f What is the difference between 
height and depth f 36. What is meant by Figure f 37. What is meant by 
Divisibility i 
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imly by the extent of our powers. If^ therefore, by means of enl* 
ting, pounding, erinding, &,c., we divide a body into as small para- 
des as we can, these particles will still have an upper and an under 
surface, with length, breadth, and thickness, all of which will still 
be visible to such creatures as have sufficient powers of vision. 
From which it appears that matter is indefinitely divisible. 

38. The extreme divisibility of matter may be shown in a num- 
ber of ways. First, By dissolving a solid body in a liquid. When, 
lor instance, we sweeten a cup or tea or coffee, a small portion or 
sugar is dissofved and diffused through the whole of the liquid. 

3!). Secondly. From the manner in which we smell odoriferowi 
substances. The perfume or odor of a body is produced by the 
escape of very minute particles which enter the nostrils. This pev- 
ftime is diffused through the whole extent of a large room, without 
the loss of the smallest visible part of the substance. 

40. Thirdly. A few drops of a colored liquid falling into a vessel 
of water, immediately tinee the whole of the water with the color, 
and must therefore be diffused throughout it. 

41. Fourthly. A lighted candle, placed upon a hill, diffuses parti- 
cles of light through the space of a mile in extent, before it has lost 
any visible portion of its substance. 

42. Fifthly. It has been calculated that sixteen ounces of gold, 
which, in the form of a cube, would not measure an inch and a 
quarter in itfi side, will completely gild a quantity of silver^ wire 
twenty-five thousand miles in length. 

43. A single grain of gold may be hammered by a gold-beater 
until it will cover fifty square inches ; each square inch may be 
divided into two hundred strips ; and each strip into two hundred 
parts, which may be seen with the naked eye. Each square inch, 
therefore, contains forty thousand visible parts, which, multiplied 
by fifly, the number of square inches which a grain of gold will 
make, gives two million parts, each of which can oe seen with the 
naked eye. 

44. The particles which escape from luminous or 

odoriferous objects, although they are too small to be 

Tisible, all form a part of the substance of those objects, 

and a body is in reality diminished by their escape. 

This is evident in liquid bodies ; as, for instance, in a bottle of 
lavender water, which, if left unstopped a sufficient length of time, 
will evaporate and disappear. 

45. By the Indestructibility of matter is meant thai 
it cannot be destroyed. It may be indefinitely divided, 
or altered in its form, color, and accidental properties, 
but it must still continue to exist in some form through 
all its changes of external appearance. 

By what is the divisibility of matter limited ? 38. Mention some exam- 
ples to show the extreme divisibility of matter. 44. Are odoriferous and lumS- 
■oos bodies diminished by the particles which escape fl-om them f Why can 
we not see Che particles which escape f Give an example to prove that the 
bodies are diminished t 45. What is meant by the Indestructibility of matter > 

1* 
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46. *i*he science of chemistry teaches us that there is a oerteia 
dkfinite number of elementary substances, of some one or more of 
which all other substances are composed. The powers of man, or 
of nature, can change the shape, the combination, or the situation, 
of these elementary substances, but nothing short of creative power 
can annihilate any one of them. 

47. Illustration 1st. Thus water, for instance, which was for- 
merly considered .as a simple substance, is found to consist of two 
substances, imperceptible to the sight, called hydrogen and oxygen, 
united by what is called chemical attraction. Triese substances 
may be separated and made to unite with other substances, but 
they cannot be destroyed. 

4o. lUustratian 2d. There is actually no more nor less of the 
elements of water existing at the present time than there was at the 
. creation of the world, but they exist only in different forms or sitor 
ations. When water disappears, either by boiling over a fire, or 
evaporating by the heat of the sun, or, in other words, when "d 
dries up" it rises slowly in the form of steam or vapor. This vapor 
ascends in the air and constitutes cloads ; these clouds again fall to 
the earth in the shape of rain, snow, or hail, and form springs, 
fountains, rivers, &c. The water on or in the earth, therefore, is 
eonstantly changing its shape or situation, but no particle of it is 
ever actually destroyed. 

49. Illustration 3d. The particles or simple substances of which 
wood or coal is composed are not destroyed when the wood or coal 
is burnt. Part of them arise in smoke or vapor, and the remainder 
is reduced to ashes. A body in burning undergoes remarkable 
changes. It is subdivided, its form and color are altered, its exten- 
sion IS increased, but the various parts into which it has been sepa- 
rated by combustion, continue in existence, and retain all the essen- 
itial properties of bodies. 

50. Illustration 4th. Every thing in nature decays and is corrupt- 
ed in the lapse of time. We ourselves die, and our bodies moulder 
in the dust; but not a single atom of them is lost They serve to 
nourish the earth, whence, while livinff, they drew their support, 
and by degrees become incorporated wim other substances. 

51. By Inertia, is meant the resistance which inactive 
matter makes to a change of state, whether of motion or 
rest. A body at rest cannot put itself in motion, nor 
can a body in motion stop itself. 

52. A body, when put in motion, will continue to move for ever, 
unless it be stopped. When a stone or ball is thrown from the 
hand, there are two forces which continually operate to stop it; 
namely, the resistance of the air, and gravitation : all motion 

46. What does clicmiatry teach with regard to the composition of bodies f Can 
any particle of matter be annihilated f Of what is water composed ? Is there 
Store or less water existing now than there was at the creation of the worid i 
What becomes of water when it evaporates ? What becomes of the particles 
or simple substances of different kinds of fuel when burnt ? What becomes of 
ervry thing in nature f 51. What is mqant by Inertia ? 52. How long wiU a 
body in motion continue to move, unless it be stopped { 
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which is caui^d by aninuU or mechanical power, will be dettrojned 
bj the combixied action of these forces. Bot could these ohstackp 
be lemoved, the body 141 motion would continue to moTe for eTec. 

53. The Inertia, or resistance of a body to a cban^ of state, a^ 
fi^r instance, a ball. 
It requires a consic 

- tion ; and the person „ > 

^ makes to being stopped. 

54. Attraction expresses the tendeoey which diflbrenl 
/^ bodies or portions of matter have, to approach eacli 

other. Every portion of matter is attracted by every 
other portion of matter, and this attraction is ths 
strongest in the largest portions. 

55. As the earth is the largest portion of matter wfth 
which we are practically acquainted, every thing on 0i 
near its surface, when unsupported, will obey its wiape^ 
rior attraction. For this reason everj thing about us 
will fall to the ground or the surface of the earth, un]909 
it be prevented. 

56. The attraction of all masses of matter is ia a 
direct proportion to their quantity, and in inverse pro- 
portion to the square of their distances from each 
other. That is, the greater the quantity and the lesfl 
the distance, the stronger will be the attraction. 

57. There are two kinds of attraction belonging to all 
matter, namely, the attraction of gravitation, or gray- 
ITT, and the attraction of cohesion, or cohesive at- 
traction. 

58. The attraction of gravitation, or gravity, is tha^ 
which causes bodies at a distance to approach each 
other. 

59. The attraction of cohesion, or cohesive attrac- 
tion, is that which unites the particles of a body. 

60. By the attraction of gravity, a stone falls to the ground. By 
the attraction of cohesion, the particles which compose the stone 
are held together. 

When a stone or ball is thrown firom the hand, how many forces continually 
operate to stop it f What are they f What destroys the motion caused by 
aoimal or mechanical power f How could a tiody in motion be made to move 
Ibrever? 63. What example is given to show the inertia of a taNody/ 
64. What is Attraction ? Where is attraction the strongrest i 65. Why doef^ 
a body foil when unsupported f 66. In what proportion does attraction 
iBcreaae? 67. How many kinds of attraction are there belonging to all 
natter f Wh«t are they i 68. What is the attraction of gravitation, or grnvt- 
itv f 69. What is the attraction of cohesion, or cohesive attraction f OOl 
What causes a stone to Ihll to the ground f By what are the particles whioti 
oompose the stone held together f 
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61. The difference between the two kinds of attraction is this : 
the attraction of cohesion talces place in yery minute particles, and 
at very small distances ; the attraction of gravity acts on all bodies 
and at all distances. The attraction of cohesion takes place be- 
tween the particles of the same body. The attraction of gravitation 
eaosM diflerent bodies to approach each other. 

B% The attraction of gravitation causes weight. 

When we say that a body weighs an ounce, a pound, or a hun- 
dred pounds, we express, by these terms, the degree of attraction 
by which it is drawn towards the earth. As this attraction, (as was 
stated in number 56,) depends upon the quantity or portion of mat- 
ter there is in a body, it follows that those bodies which are heav- 
iest, that is, which are most strongly attracted, contain the most 
matter. 

63. We estimate the quantity of matter in a body, not by its ap- 

Srent siie, but by its weight. We term some bodies, as cork, 
ithers, &c., light; others, as lead, gold, mercury, &c., are called 
heavy. The reason of this is, that the particles which compose the 
former are not closely packed together, and therefore they occupy 
eonsiderable space ; while in the latter they are joined more closely 
leather, and occupy but little room. A pound of cork and a 
pound of lead, therefore, will differ very much in apparent size, 
while they are both equally attracted by gravity, that is, they weigh 
the same. 

64. The parUcIes of which bodies are composed touch one an- 
other in few places only. There are, consequently, small spaces 
between the particles, and these spaces are called pores. The po- 
MMity of a body implies, therefore, that it has pores ; and the greater 
the number, and the larger the size of these poreSj the more porous 
the body is said to be. 

65. The porosity of bodies leads to another distinc- 
tion, called density, and rarity. By density is meant 
the closeness and compactness of the particles of a body. 
Rarity is the contrary of density, and implies the thin- 
ness or subtlety of bodies. A body in which the pores 
are small and few in number is called a dense body. 
When the pores are large and numerous, the body is 
said to be rare. 

66. Dense bodies are always heavier than rare bodies of the same 
nze, because there is a greater number of particles in the same 

61. What ia the difTerenca between these attractiona f 62. What is weight/ 
When we say a body weighs an ounce, or a pound, what do we express by this 
term { Upon what does attraction depend t What follows from this .' 63. 
ilow do we estimate the quantity of matter in a body ? What bodies are 
light f What heavy f How do you account for this difference * 64. What 
are pores .' What does the porosity of a body imply? Upon what does the 
porosity depend f 63. What is meant by Density f Rarity f When is a body 
called dense f When rare i 66. How do dense and rare bodies of the same 
rise compare, with r^ard to their weight f Why f 
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•jMne, Mid oooaequently the body is more Btronely attncted. [Sm 
Abu 63J 

€(7. The strength of oohesiTe attraction in bodies depends, in a 
neat measure, upon their density. This is particularly the case in 
nuids. The thinner and lighter a fluid is, the less is its cohesive 
attraction. 

The cohesive attraction of solid bodies is much greater than that 
of fluids. 

66. The pores of substances are ^nerally filled with air. 

69. Heat pervades all bodies, insinuating itself, more or lesa, be- 
tween their particles, and forcing them asunder. Heat, and the 
attraction of cohesion constantly act in opposition to each other ; 
and the more a body is heated, the more its particles will be sepa- 
rated. 

70. The eflect of heat in separating the particles of different 
kinds of substances is seen in the melting of solids, such as metals, 
wax, butter, &c The heat insinuates itself between the particles, 
and forces them asunder. These particles then are removed firom 
that degree of nearn^^s or proximity to each other within whicih 
cohesive attraction ^Ajsts, and the body is reduced to a fluid ibnn. 
When the heat is removed the bodies return to their former solid 
state. 

71. Of all the effects of heat, that produced upon water, is, per- 
haps, the most remarkable. The particles are totally separated and 
converted into steam or vapor, and their extension is wonderfully 
increased. 

72. The steam which arises from boiling water is nothing more 
than portions of the water heated. The heat insinuates itself be- 
tween the particles of the water, and forces them asunder. When 
deprived of the heat, the particles will unite toother in the form of 
drops of water. This fact can be seen by holding a cold plate over 
boUin^ water. The steam rising from the water will be condensed 
into (m>pe on the bottom of the plate. 

73. The air which we bieathe generally contains a considerable 
portion of moisture. On a cold day, this moisture condenses on the 
glass in the windows and becomes visible. We see it also, collect- 
ed into drops on the outside of a tumbler or other vessel containing 
cold water in warm weather. 

74. Heat also produces most remarkable effects upon air, causing 
it to expand to a wonderful extent, while the absence of heat caus^ 
it to shrink or contract into very small dimensions. 

75. The attraction of cohesion causes the small watery particles 
which compose mist or vapor to unite together in the form of drops 
of water. It is thus that rain is produced. The clouds consist of 

eE7. Upon vihai doea cohenive attraction in s great measure depend ? In what 
Is this particularly the case f Upon what does the cohesive attraction of fluids 
depend f In which is cohesive attraction the stronger, in solids or fluids i 
6a. With what are the pores of all substances generally filled f 69. What 
effect has heat upon bodies f What two forces continually act in oppo- 
sition to each other i 70. In what can the effect of heat be seen f How does 
it separate the particles ? What wonld be the effect were the heat removed f 
n, IJponwhat has heat the most remarkable effect? How docs it elRwt It ? 
74. wliat effect has heat upon air i 75. How is rain produced f 
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milt or vapor expanded by heat They rise to the (»old regiooi if 
the skies, where they lose their heat; and then, uniting in drofi^ 
fiJl to the earth. But so long as they retain their heat, tlie attrao* 
tion of cohesion' can have no influence upon them, and thej will 
continue to exist in the form of steam, vapor, or mist. 

p' 76. By the Compressibility of bodies is meant that 
VV^they can be compressed into smaller limits of extension 
/jhan they naturally have. Of this ail substances are 
shsceptible if a sufficient force be applied. 

77. By the Expansibility of bodies is meant the pow- 
er of being increased in extension, and it is the reverse 
of Compressibility. Heat expands most substances, 
and cold contracts or compresses them. 

78. By Mobility is meant the power of being moved. 
All bodies, however large or heavy, may be moved, pro- 
vided a sufficient force be applied. 

79. Elasticity is the property which causes a body to 
resume its shape afler being coinpressed or expanded. 

Thus when a bow or a cane is bent, it returns to its former shape 
as soon as the pressure is removed. When the flesh of a living 
animal is pressed, it in like manner resumes its shape on removing 
the pressure. Caoutchouc, or India rubber likewise, on account of 
its elasticity, when bent or drawn out, will immediately return to 
its shape. But of all bodies, those in the form of gas, or air, are the 
most remarkable for thyi property. Hard bodies* are in the next 

* ¥nien two ivory or metallic balls strike each other, the parts at which they 
touch will be flattened, but no mark is perceptible, their elasticity instantly de- 
stroyinf all trace of It. If, however, a small spot of ink be placed on one of the 
balls at the point of contact, it will be fbiind, after the contact, to have spread, 
and will thus show that there has been compression. The cause of elasticity is 
not well understood. Elnstlrtty implies susceptibility of compression; and the 
susceptibility of compression depends upon the porosity of'bodies ; for were there 
no pores, or spaces between the particles of matter, of which a body is compo- 
■ed, it could not be compressed. But it is not the case that bodies whose par- 
ticles are roost distant from each other are the most elastic. Elasticity implies 
not only susceptibility of compression, but the power of restoring its former 
state afler compression. The pores of such bodies as ivory and metals, are in- 
risible to the naked eye; but it is well ascertained that gold, 'see No. 29.) one 
of the most dense of all bodies, is extremely porous, and that its pores are suffi- 
ciently large to admit water, under great pressure, to pass through them. In 
corlc, sponge, and bread, the pores form considerable cavities ; in wood, and 
many kinds of stone, when not polished, they are perceptible to4he naked eye{ 
whilst in ivory, metals, and most varnished and polished bodies they cannot be 
discerned. To give an idea of the extreme porosity of bodies^ 6ir Isaac New- 
ton coi^ectured, that if the earth were so compressed as to be absolutely with- 
out pores, its dimensions might not be more than a cubic inch. The elasticity 
of ivory is very perfect, that is to say, it restores Itself after compression, with 
a force very nearly equal to that exertckl In compressing it. Liquids, such as 
water, dec. have scarcely any elasticity. 

Of what do the clouds consist f 76. What is meant by the Compressibility of 
bodies ? Can all bodies be compressed f 77. What is Expansibility f What 
effbct has heat and cold upon bodies ? 78. What {a Mobility ? 79. What is 
Elasticity f 
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d a yw riasdc. Soft bodiet, soch as elay, wax, tallow, batter, &o. 
&aw» very little elasticity, and are called non-elastic bodies. 

80. Malleability implies capability of being drawn under the 
hammer, or rolUnj^-press. This property belon^^to some of the 
metals, as gold, silver, iron, copper, &c , but not to all ; and it u of 
▼ast importance to the arts ana conveniences of life. Gold is the 
most malleable of all metals. 

81. Brittleness is the property which renders substances easily 
broken, or separated into irregular fragments. This property be* 
longs chiefly to hard bodies. 

&i. Iron, steel, brass, and copper become brittle when, heated and 
suddenly cooled ; but if cooled slowly, they are not easily broken. 
Brittleness b not entirely opposed to elasticitv ; for some bodies, 
glass, for instance, are very brittle, and yet a oall, or fine threads 
of this substance, are highly elastic. 

83. Brittleness is the opposite of malleability. 

84. Ductility is that property which renders a subetence suscepti- 
ble of being drawn into wire. Platina is the most ductile of all 
metals. It can be drawn into wire scarcely larger than a spider*a 
web. 

85. Tenacity implies a great degree of adhesion among the parti- 
cles of bodies. Iron, on account of ite fibrous structure, is very te* 
nocious. 



SECTION III. 
QT Gravity, or WeiglU, or the Mlraction of Chromlatian 

86. All matter is attractive, from the smallest particle 
to the largest mass ; and bodies attract each other with 
a force proportionate to their density, that is, the quan- 
tity of matter thej contain. 

^7. The earth being the largest mass of matter with 
which we are practically acquainted, attracts {according 
to the principles stated in numbers 54, 55 and 56) every 
thing on or near its surface to itself. This attraction is 
called the attraction of gravitation. 

Give some example of eltuticity. What bodies are most elastic f Which 
are the more elnstic, hard or soft bodies ? Note. What effect Is produced 
when two ivory balls strilce each other f What is the cause of elasticity ' 
Could a body without pores be comprensed ? Are those bodies most elastic 
whose particles are most distant f What does elasticity imply.' How 
has it been proved that gold is porous f [See No. 29.] What is said of ths 
pdres of cork, sponge, wood, stone, ivory, metals, &c. f What did Newton 
conjecture with re'rard to the pores of the earth ? Which has the most elas- 
ticity, ivory or liquids? 86. Is all matter attractive? In what proportion do 
bodies attract each other i 87. What is said of the attraction of the earth, 
snd what ia the attraction called f 
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88. The force of gravity is greatest at the surlkce of 
the earth, and decreases both upwards and downwards^ 
but in different degrees. 

89. The force of gravity decreases above the surface 
as the square of the distance from the centre increstei. 
From the surface to the centre it decreases, simply cm 
the distance increases. That is, gravity at the surface 
of the earth, which is about 4000 miles from the centre, 
is (bur times more powerful than it would be at double 
that distance, or 8000 miles from the centre. 

90. Accordingr to the priaciples just stated, a body which at the 
surface of the earth weighs a pound, at the centre of the earth wiH 
weigh nothing. 

1000 mjlen trom the centre it will weigh one quarter of a pound. 
SOOO " " « " " " one half of a pound. 

3000 «««««' 
4000 " " ** 
8000 " ** " 
12000 " " " 

91. It follows from what has been stated, with regard to weight 
as a consequence of attraction, that if there were but one body in 
the universe, it would have no weight, because there would be no- 
thing to attract it. But cohesive attraction would still exist, and 
keep the particles which compose the body united. 

92. As the attraction between all bodies is mutual, it follows that 
when a stone or any heavy body fa4ls to the earth, the earth will 
rise to meet it. But as the attraction is in proportion to the quan- 
tity of matter each contains, t))e stone will fail as much farther thftft 
the earth rises, as the earth exceeds the stone in mass. Now the 
earth is one quatrillion, that is, one thousand million millions times 
larger than the largest body which has ever been known to fall 
through our atmosphere. Supposing, then, that such a body 
riiould fall through a distahfte of 1000 feet — the earth would rise 
no more than the hundred billionth part of an inch, a distance altO" 
gether imperceptible to our senses. 

93. The principle of mutual attraction is not confined to the 
earth. It extends to the sun, the planets, comets, and stars. The 
earth attracts each, of them, and each of them attracts the earth, and 
these mutual attractions are so nicely balanced by the power of 
€rod, as to cause the regular motions of all the heavenly bodies, the 
diversity of the seasons, the succession of day and night, summer 
and winter^ and all the grand operations which are described in as- 
tronomy. 

88. Where ia the force of gravity greatest f 89. In what proportion does 
gravity decrease above the surface of the earth i 90. Give an example to show 
this. 91. If there were but one body in the universe, what would be its 
weight ? Why f Would cohesive attraction exist ? 92. Is the attraction be- 
tween bodies mutual ! What follow« from this ? Why do we not see the 
earth rise to meet falling bodies f What example is given to illustrate this f 
88w What ia aaid of the extent of the Dower of mutual attraction f 
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94. The direction in which falling bodies approach the snrikoe of 
the earth, is called a vertical, or plumb line. Such pig. s. 
lines are everywhere perpendicular fo the surface, 
and when prolonged will meet nearly at the centre 
of the earth. Fcht this reason no two lines sns- 

e»nded by weifbts, will be parallel to each other, 
ven a pair of scales hanging perpendicular to 
the earth, are not exactly parallel, oecause they 
both point to the same spot, namely, the centre of 
the earth — but the oonvergencv is so small, that 
their inclination is not peroeptiole to our senses. 
[See Fig. 2.] For the same reason no two bodies can fall to the 
earth in parallel lines. 

95. According to the laws of attraction, all bodies at 
afi equal distance from the earth will fall to it in the- 
same space of time, if nothing impede them. But bodies 
of different density fall with different degrees of velo- 
city, on account of the resistance of the air ; and as 
dense, heavy bodies, by their greater momentum {See 
JVb. 133) overcome this resistance more easily than 
rarer or lighter ones, the former will fall with the greater 
velocity. 

96. The resistance which the air opposes to tbe fall 
of bodies, is proportioned to their surface, not to their 
weight. 

97. Heavy bodies can be made to float in the air, instead of fUling 
immediately to the •ground, by making the extent of their surface 
counterbalance their weight. Thus gfold, which is one of tl» 
heaviest of all substances, when spread out into thin leaf, b not at> 
tracted by gravity with sufficient force to overcome the resistance 
of the air ', it therefore floats in the air, or falls slowly. 

98. All substances of whatever nature are influenced 
by gravity, in exact proportion to their density.* 

Even air itself, light as it seems, is subject to this attraction. Tbs 
jort probably extenos to a height of more than forty-five miles above 

* This law must be regarded in connexion with that stated In Number 89« 
t We have no means of ascertaining the exact height to which the air ex- 
lends. Sir John Herschel says, " I^aylng out of consideration all nice questions 
as to the probable existence of a definite limit to the atmosphere, beyond whidi 

94. What is a vertical or plumb line ? flow are these lines situated with 
regard to the earth^s surface f Where will these lines meet, if prolongeJ f 
Why are not two lines suspended by weights parallel f Are not a pair c^ 
scales, hanging perpendicular to the earth, parallel f Why i Why do they ap- 
pear parallel T Can any two bodies &11 to the earth in parallel lines f 96, 
VHiat is the reason that all bodies, at equal distances from the earth, do not AMI 
in the same space of time f What bodies fall with the greatest velocity f 
96. To what is the resistance of the air, in falling bodies, proportioned i 97. 
How can heavy bodies be made to float in the air i- Give an example to illus- 
trate this. 98. In what proportion are all substances iailaenced by gravity ^ 

2 
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the Borface of the earth. The pressure of the upper parts of ih& 
atmosphere on those beneath, renders the ait near the surface of the 
earth much more dense than that in the upper regions. This pres- 
sure is caused by the attraction of the earth, or, what is the same 
thins t the weight of the air above ; and it would cause the air to 
fall like other bodies completely to the earth ; were it not for the 
elasticity [Site No, 79 J of that portion which is near the surface. 

99. The air therefore of which the atmosphere is composed, ex- 
ists in a state of constant compression, and is heavier near the sur- 
face of the earth, and grows lighter as we ascend. Gravity brings 
the particles together, while elasUcitv gives them a constant ten- 
dency to expand. Gravity thus connnes the air to tlie region of 
the earth, while elasticity prevents it from falling like other bodies 
to the ground. 

100. The specific gravity of bodies is a term used to 
express the relative weight of equal quantities of difier*- 
ent bodies. 

We know that a piece of lead will weigh more than a piece of 
wood of the same size. A piece of wood will weigh more than a 
piece of cork of the same dimensions, and cork will weigh more 
than a portion of air, smoke, or vapor of the same extension. Hence 
we say that the specific gravity of cork is greater than that of air, 
the specific gravity of wood is greater than that of cork, and the 
specific OTavity of lead greater than that of wood, &c. 

101 . From what has now been said with respect to the attraction 
of gravitation and the spetiiic gravity of bodies, it appears that 
although tlie earth attracts all substances, yet this very attraotioa 
causes some bodies to rise and others to fall. 

X02- Those bodies or substances, the specific gravity of which is 
greater than that of air, will fall, and those whose specific gravity is 
Kss than that of air will rise ; or rather, the air being more strongly 
attracted will ^et beneath them, and, thus displacing them, wiu 
cause them to rise. For the same reason, cork and other light sub- 
stances will not sink in water, because the specific gravity of water 
being greater, the water is n>ore strongly attracted and will be 

there ia absolutely and rigorously 8peaUng.no air, U is clear, that for all practi- 
cal purposes we may speak of those regions which are more distant above the 
earth's surfttce than the hundredth part of iia diameter as void of air, and of 
course, of clouds (which are nothing but visible vapors, diffused and floatiiig 
fo the air, Hustalned by it, and rendering it turbid; as mud does water). It 
seems probable flrom many indications, thnt the greatest height at which vtsibls 
clouds ever exist, does not exceed ten miles ; at which height the density of 
Che air is about an eighth part of what It is at the level of the 



Is air affected by it i How fkr does the air extend above the snrfhre of tha 
earth * What causes the air to be more dense at the surfkce of the earth? 
What causes this pressure f Why does not the air fall to the earth like othor 
bodii' i f H9. Where Is the air heaviest f What effect have gravity and elasti- 
city upon the air f 100. What is specific gravity f Illustrate this. 101. Does 
th' attraction of the earth cause all bodies to fall f 102. What bodies will foil t 
V iiat rise f How does the air cause them to rise f Why do not cork and otbsr 
ttfht bodies sink in water f 
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drawn down beneath them. IFor a table of the specific gravity of 
hodiesfsee Hydrostatics.} 

103. The principle which causes balloons to rise, is the same 
which occasions the ascent of smoke, steam, &c. The materials of 
which a balloon is made, are heavier tlian air, but their extension 
is sreatly increased, i^nd the^ are filled with an elastic fluid of ft 
dififerent nature, specifieally lighter than air, so that on the whole 
the balloon when thus filled is much lighter than a portion of air of 
the same size or dimensions, and it wiU consequently rise. 

104. Gravity, therefore, causes bodies which are lighter than air 
to ascend, those wbic|i are of equal weight with air to remain star 
tionaryi and those which arc heavier than air to descend ; but the 
rapidity of their descent is affected by the resistance of the air' 
which resistance is proportioned to the extent of the surface of the 
iallin^ body. * 

105. From what is stated in number 95, it appears that as a dense 
body, such for instance as a piece of metal or money, is more strong- 
ly attracted by the earth than a rarer (that is to saj, a lighter^ one, 
its momentum will enable it to overcome the resistance of tne air 
mote readily, and that it will consequently fall to the ground mort 
quickly than a lighter one. But if the resistance of the air could be 
removed, they would both fall in precisely the same time. lThi$ 
will be illustrated by experiments in connexion with PneumaticsA 

106. It has been stated {See No, 88) that the force of gravity m 
the greatest at the surface of the earth, and decreases both upwards 
and downwards, but in different degrees. But the diminution of its 
foice at so small a distance as that to which the atmosphere extends 
is «o inconsiderable, compared with the size of the earth, as to be 
scarcely perceptible. 

107. The greatest height ever attained by man in balloons, or on 
the summit of the highest mountains, scarcely exceeds a thousandth 
part of the distance from the centre to the surface of the earth. 
Although, therefore, it is true that the air near the surface of the 
earth is more strongly attracted than that in the upper regions of 
the atmosphere, yet the difference is so exceedingly small, that it is 
imperceptible. But the weight of the upper air resting upon the 
lower {as is stated in JSTo. 98,) compresses it into smaller volume, 
and thereby increases its density. This increase of its density causes 
a corresponding increase of its specific gravity. [See JVb. 100.] 

108. The pressure of the atmosphere has been compared to that 
of a pile of neeces of wool, in which the lower fleeces are pressed 
to^toer by the weight of those above. The uppermost fleece, re- 
ceiving no external pressure, is confined merely by the force of Ue 
own gravity, 

^IM^M^— — M ■ ■ ■! I I I ■ ■ ■ ■ ■ I . , , , ■ ■ I ■ ■ » ^ ■■ I I . ■■ ■ 

103. Explain the principle upon which balloons risef 104. What eflTeci 
has gniTity on bodies lighter than the air ? What effect on bodies of equal 
weight { What effbct on those that are heavier i What affects the rapidity 
of their descent f To what is the resistance of the air proportioned ? KtfL 
Which is more strongly attracted by the earth, a dense or a rare body^ 
What follows from this f How can they be made to fall in the same 
time f 106. Where is gravity the greatest i Why is not the diminution of it, 
as we go from the surface of the earth, very apparent f 107. What is the greatest 
height in the air ever attained by man .' 108. To what has the pressure of the 
atmosphere been compared i 
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109. Smoke consists of minute petioles of fuel carried up faj a 
current of heated air from the fire below. As heat ezpasds all 
bodies [Sea Jib. 69,] it consequently rarefies (that is, expands) air, 
and renders it lighter than the colder air of the^atmosi^here. The 
heated air from the fire carries up with it vapor and small partidea 
of the combustible materials which are burning in the fire. When 
tiiis current of hot air is cooled by mixing with the atmosphere, the 
minute particles of coal or other combuNtibles fall, and it is thai 
which produces the smalt black flakes which frequently render the 
air, and every thinv in^ontact with it so dirty. This is particularly 
the case in large cities, where bituminous coal fti'used for fuel. 

110. From what has now been stated, it appears that gravitati^ 
is the force which occasions the fall of bodies ; cohesion, that wh^h 
binds the particles of bodies together ; and heat, a force which drivaa 
them asunder. These three powers may bai c<impreheiided ander 
two names, Attraction and Repulsion. 



SECTION IV. 

Mechanics, or the Laws of Motion, 

HI. Mechanics is that branch of Natural PhilosoDhv 
which relates to motion, and the moving powers ; their 
nature and laws, with their efTects in machines, &c. 

11 2. A body is in motion whenever it is changing its 
situation with regard to a fixed point. Motion therefore 
is a continued change of place. 

113. On account of the inertia [See JY6. 51,] of all 
matter, a body cannot put itself in motion, nor when it 
is in motion can it stop itself. 

114. The power which puts a body into motion is 
called a force , — and the power which has a tendency 
to stop or impede motion is called resistance. 

Thus the stroke of a hammer is the force which drives a nail ; 
the pulling of the horse is the force which draws the carriage. 
Force, then, is the cause which produces motion. [See Jfo. llSLj 

115. The motion of a body impelled by a single force 

109. or what does smoke consist f What eflect has heat upon iKMlies ? What 
Ibllnws flrom (his? What produces the small black flakes which I'reiiiienily 
ioat in the air f 110. What is gravitation f Cohesion > Heat > UnUer 
what names may these powers be comprehended f 111. What is Mechanicaf 
112. Whnt is motion f 113. Why cnnnot a body put itself in motion * Why 
cannot a body stop itself when in motion f lit. What is force .' What is re 
sistance f What illustrations are given i 115. When is the motion of a body 
Id a straight line i In what direction will it move .' 
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18 always in a straight line, and in the same direction io 
which the force acts. 

116. The rapidity with which a body moves is called 
its velocity. 

117. The velocity of a moving body is always pro- 
portional to the force by which it is put in motion ; and 
what is gained in power is lost in time. 

118. The velocity of a moving bpdy is determined by 
the time that it occupies in passing through a given 
space. The greater the space, and the shorter the time, 
the greater is the velocity. 

Thus, if one body go through six miles in an hoor, and another 
through twelve milea in the same time, the velocity of the latter m 
double that of the former. 

119. Velocity is sometimes called absolute, and som^ 
times relative. Velocity is called absolute when the 
motion of a body in space is considered without refer- 
ence to that of other bodies. 

When, for instance, a horse goes a hundred miles in ten houn, 
his absolute velocity is ten miles an hour. 

120. Velocity is called relative when it is compared 
with that of another body. 

Thus, if one horse travel only fifty miles in ten hours, and an- 
other one hundred, in the same time, the absolute velocity of the 
first horse is five miles an hour, and that of the latter is ten miles; 
but their relative velocity is five miles. 

121. The velocity of a body is measured by the space 
over which it moves, divided by the time which it em- 
ploys in the motion. 

Thus, if a body move one hundred miles in twenty hours, the 
velocity is one hundred divided by twenty, that is, five miles an 
hour. 

122. The time employed by a body in motion may be 

ascertained by dividing the space by the velocity. 

Thus, if the space be one hundred miles, and the velocity five 
miles in an hour, th^ time will be one hundred divided by five, 
which is twenty hours. 

116. What is meant hj' velocity ? 117. To what is the velocity of a movinf 
body proportional f 118. How is the velocity of a moviTij; body determined? 
If oiie body go through nix miles in an hoar, and another twelve, how does tbs 
velocity of the latter compare with that of the former? 119. What is meant hj 
abaolnte velocity f Give an example. 120. When is the velocity of a body 
twined relative f Giv« an example. 121. How is the velocity of a body mea*- 
qtmI? Illnstrate this. 122. How do you ascertain the time employed by a 
body in motion i Illustrate this. 

2* 
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123. The apace also may be ascertained by multipljr- 

ing the velocity by the time. 

Thus if the yelocitj be five miles an hour, aad the time twenty 
hours, the space will be twenty multiplied by five, which is one 
hundred miles. 

^ YiL^, There are three terms applied to motion tcex- 
^ press its kind ; namely, uniform, accelerated, and re- 
tarded motion. 

1^. Uniform motion is that of a body passing ovar 
equal spaces in equal times. 

126. Accelerated motion is that in which the velocity 
continually increases as the body moves. 

127. Retarded motion is that in which the velocity 
decreases as the body moves. 

128. Uniform motion is produced by a force having 
acted on a body, and then ceasing to act. 

A ball struck by a bat. or a stone thrown from the hand, is in 
theory an instance of uniform motion ; and if both the attraction of 
jrravity and the resistance of the air could be entirely removed, it 
would proceed onwards in a straight line, and with a uniform mo- 
tion for ever. But as gravity and the resistance of the air tend to 
^flect it, it in fact becomes an instance of accelerated or retarded 
motion. 

129. Accelerated motion is produced by the continued 
action of one or more forces. 

Thus, when a stone falls from a height, the impulse which it 
receives from gravity would be sufficient to bring it to the ground, 
with a uniform velocity. But the stone while falling at this rate is 
■till acted upon by gravity with an additional force, which continues 
to impel it during the whole time of its descent. 

130. It is found that during the first 8econ4. it falls sixteen feet, 
three times that distance in the next, five times in the third, seven 
times in the fourth, and so on, regularly increasing its velocity ao- 
oording to the number of seconds consumed in falhng. The height 
of a building, or the depth of a well, may thus be measured by ob- 
serving the length of time which a stone takes in falling from the 
top to the bottom. 

131. Retarded motion is produced when a body in 



123. How can you ascertain the space } Illustrate this. 124. How many 
terms are applied to motion to exprens its kind .' What are they .' 125. What 
Is uniform motion .^ 126. Accelerated .' 127. Retarded .' 128. How is uniform 
. motion produced f Why is not a ball struck by a bat, or a stone thrown (irom 
the hand, an instance of uniform motion f Ho'w can it be made an instance \ 
129. How is accelerated motion produced \ Give an instance of accelerated 
motion. 130. How far does a stone fall the first second of time f The second' 
Third ? Fourth f How can you measure the height of a building, or the deptli 
era well f 
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notiOB eaoounteniA f»ree operating in an •pposito di 

vecdon. 

TkoB wben a itone is thrown perpesdkahrly apwudt, tht fofca 
of gravity is continually operating in tlie opposite direction, and at 
trading it downwards to the earth. The stone moves upwards 
lAower and slower, until the upward motion ceases, and the body 
returns with accelerated motion to the earth. It is found that whea 
a body is Uirown perpendicularly upwards, H takes the same length 
of time in ascending that it takes in descending. 

132. Perpetual mcAion has never yet been |»rodaoed1iy art; and 
there is reason to think, from the principles of aeehaBies, febsA saoli 
a movement is impossible ; for although in many cases of hndios 
acting upon one another, there is again of absolute motion ; yet the 
gain IS always equal in opposite directions, so that the quantity of 
direet motion is never increased. But nature abounds with ezanr* 
pies of perpetual motion, as for instance, the motion of the heavenly 
Bodies, described in the science of aalronomy. 

133. The momentam of a bodj is the force or power 
with which a moving body would strike against another 
body. 

134. The momentum of a body is measured by unilti* 
plying its weight by its velocity. * 

135. Illustration. Thus, if a body weighing six pounds move at the 
rate of two miles in a second^f time, its momentum may be repre- 
sented by six multiplied by two, which is equal to twelve. If a 
body weighing twelve pounds, move at the rate of four miles in 
the same time, its momentum will be represented by twelve, multi- 
plied by four, which is forty -eight. 

The quicker a body moves, the greater will be the force witii 
which It will strike against another body; so that a small, light 
body may have a greater momentum than a large, heavy one, pro- 
vided lis velocity be sufficienilv great. For instance, the momea> 
turn of an arrow, shot from a bow, is greater than that of a stone 
tlirowD from the hand, if its velocity be greater. ^. 

* The qaantity of motion eommunfcated to a body does pot aflfbet the dsra- 
tkm of the motion. If but little motion be communicated, tAe body will move 
slowly. If a great degree be imparted, it will move rapidly. But in both 
tlie motion will continue until it is destroyed by some external force. 



131. How is retarded motion produced t Give an example. How dees ths 
time of the ascent of a body thrown perpendicularly upward, compare with 
that of its descent f 132. Why cannot perpetual motion be produced f 133. 
What is the momentum of a body f 134. How can the momentum of a body be 
ascertained ? Pfote. Doe« the quantity of motion ccummiBieated to a body 
aflbct the duration of the motion ? If but little motion » communicated, how 
will the body move f If a great degree f How long will tlie motion continue f 
laS. How can a light body be made to have a greater monientiu& than a hsavy 
one? Qiveao instance of this. 
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136. By the actum of bodies is meant the effect which 

the/ produce upon other bodies. By reaction is meant 

the efiect which they receive from the bodies on which 

they act. 

Thus, when a body in motion itrikeB against another body, it 
acts upon it, or produces action ; but it also meets with resistance 
firom the body which is strucl^, and this resistance is the reaction of 
the body. 

137. Action and reaction are always equal, but in 

opposite directions. 

. 138. Experiments to show the mutual action and reaction of 
bodies, arc made with both elastic and non-elastic 
bodies. [See JVo. 79, and the note connected with it.] Fig, a. 

Wig. 3 represents two ivory balls, A and B, of equal 
weight, ttc. suspended by threads. If the ball A be 
drawn a little on one side and then let go, it will 
strike against the other ball B, and drive it off to 
a distance equal to that through which the first ball 
fell; but the motion of A will be stopped, because 
when it strikes DTit receives in return a blow equal to that which it 
gave, but in a contrary direction, and its motion is thereby stopped, 
or, rather, given to B. Therefore, when a body strikes against an- 
other, the quantity of motion communicated to the second body is 
lost by the first ; but this loss proceeds, not from the blow given by 
the striking body, but from the reaction of the body which it struck. 

139. Fig. 4 represents six ivory balls, of equal weight, suspended 
by threads. If the ball A be drawn out of the perpendicular, and let 
fall against B, it will communicate its motion to B, and receive a 
reaction from it which will stop its own motion. 

But the ball B cannot move without moving C, it pjg. 4. 
will therefore communicate the motion which it 
received from A to C, and receive from C a reac- 
tion which will stop4ts motion. In like manner the 
motion and reaction are received by each of the 
balls, D, £, F ; but as there is no ball beyond F to 
react upon it, F will fly off. 

N. B. This experiment can be accurately per- 
formed by those bodies only which are perfectly 
elastic. 

1 40. Fig. 5 represents two balls of clay , (which are not Fig. &. 
elastic) ofequal weight, suspended by strings. If the ball 
D be raised and let fall against £, only part of the mo- 
tion of O will be destroyed by it, (because the bodies are 
non-elastic, and the two balls will move on together to 
d and «, which are less distant from the vertical line 
than the ball D was before it fell. Still, however, ac- 
tion and reaction a(p equal, for the action on £ is only enough to 





1S6. What It meant hy action? Reaction? Illastrate this. 1S7. How do 
action and reaction compare f Explain Fig. Sd. Fig. 4th. Fig. 6tb. 
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make U moTe through a tmalkr tpaee, bat ao much of D'9 motian 

is now also destroyed.* 

141. It is upon the principle of action and reaction, that birds are 
enabled to fly. They strike the air with their wings, and the reac- 
tion of the air enables them to rise, fall, or remain stationary at wiU, 
by increatinj^ or diminishing the force of the stroke of their wings.t 

14S. It is ukewise upon the same principle of action and reaction, 
that fishes swim, or, rather, make their way through the water, 
namely, by striking the water with their fins.l 

143. Boats are also propelled by oara on the same principle, and 
the oars are liAed out of the water, aAer every stroke, so aa com- 
pletely to prevent any reaction in a backward direction. 

144. The word reflected means turned hack. Motion, 
therefore, which is turned hack is called reflected motion. 

Thus, when a ball is thrown against a hard wall, it rebounds, or 
is turned back. This return of the ball ia called reflected motum, 
and it is caused by the reaction of the wall against which it struek. 
Reflected motion, therefore, is caused by reaction. 

145. As reflected motion is caused by reaction, and reaction is 
caused by elasticity, it follows that reflected motion is always great- 
est in those bodies which are most elastic. For this reaaon, a ball 
filled with air, rebounds better than one stuffed with bran or wool, 
because its elasticity is greater. For the same reason, balls made 
of caoutchouc, or India rubber, will rebound more than those which 
are made of most other substances. 

146. The word incideni, means falling upon, or dir 
reded towards. Incident motion, therefore, is motion 

* Figs. S sad 4, as hsa bean explained on the preceding page, allow tka eflbet 
of action and reaction in elaatic bodiea, and Fig. 5 aliowa tlie aame eflRect ia 
non-elastic bodiea. When the elasticity of a body is irapertbct, an intermedlats 
eflfbct will be produced ; that is. the ball which is struck will rise higher than 
in case of non-elastic Ixidies, and less so than in that of perfisctly dastic bodiea { 
and the strildng Imll will be retarded more than in the former case, but noC 
atopped^ompletely, as in the latter. They will, therefore, both move onwards 
after the blow, but not together, or to the same distance ; but in this, as in the 
preceding cases, Ae whole quantity of motion destroyed in the striking ball, 
will be equal to that produced in the ball struck. 

t The muscular power of birds is much greater In proportion to their weight, 
than that of man. If a man were fUrnished with wings sufficiently large to 
oiable him to fly, he would not have sufficient strength, or muscular power, ta 
put them in motion. 

X The power possessed by fishes, of sinking or rising in the water, is greatly 
aaMsted by a peculiar apparatus fUrnished them by nature, called an alr-bladdeiv 
by the expansioa or contraction of which they rise or fldl, oa the priacipis or 
specdfle gravity. 



141. Upon what principle do birds fly f Explain how. 142. Upon what prin- 
ciple do ftehes swim f 143. Upon what principle do boats move upon the water * 
Explain how. 144. What doea the word reflected mean ? What is rertected 
motion ? 145. In what bodies Is reflected motion the greatest f Give an tn- 
ataaes to illustrate this. 146. What does the word incitient, mean f What 
is ineidsnt motion t What is reflected motion t What ia the ball called that 
sMIms sgalBst a wan t When it rebounds f 
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directed towards any particular object. Reflected mo- 
tion is the same motion turned back. 

When a ball strikes against a wall, it is called the incident ball ; 
and when it rebounds from the wall, it is called the reflected ball. 

147. The angle* of incidence is the angle formed by 

* Am this book may Ml into the hnnds of some who are unacqaainted witk 
the meaning of angle, perpendicular, the divisions of a circle, &:c. a few explana- 
tions are here subjoined. 

I. An angle is the opening made by two lines which meet together in a point. 
The size of the angle depends upon the opening, and not npon the length of the 
lines. 

3. A circle is a perfectly round figure, every 
part of the outer edge of which is equally distant 
fiom a point within, called the centre. [Set 
Fig. 6.] 

3. The straight lines drawn from the centre 
to the circumference are called radii. [The «tn- 
fufmr number oftkU word U raditte,] Thus, in 
Fig. 6, the lines CD, CO, OR, and CA, are radii. 

4. The lines drawn through the centre, and 
terminating in both ends at the circumference, 
are called diameters. Thus, in the same Figure, 
II A is the diameter of ihe circle. 

6. The circumference of all circles is divided 
Into 360 equal parts, called degrees. The diameter <^ a circle divides it into 
two etiual parts of 180 degrees each. 

6. All angles are measured by the number of degrees which they contain. 
Thus in Fig. 6, the anj^le RCA as it includes one quarter of the circle, is an 
angle of 90 degrees, which is a quarter of 360. And the angles R C O and O C D 
are angles of 45 degrees. 

7. Angles of 90 degrees are right angles •, angles of less than 90 degrees, acute 
angles, and angles of more than 90 degrees are called obtuse angles. Thus, in 
Fig- 6, R C A is a right an^Ie, OCR acute, and OCA obtuse angles. 

8 A perpendicular line is a line which makes an angle of 90 degrees on each 
side of any other line or surface *, therefore, it will incline neither to the one side 
nor to the other. Thus, in Fig. 6, R C is perpendicular to D A. 

B. The tangent of a circle is a line which touches Ihe circumference, without 
cutting it when lengthened at either end. Thus, in Fig. 6, the line T is a tan- 
gent. 

10. A square is a figure having four equal sides, and four eqnil angles. 
These will always be right angles. [See Fife, 8.] 

II. A parallelogram is a figure whose oppoHite sides are equal and paralleL 
[See Fige. 9 and 10.] A square is also a parallelogram. 

12. A rectangle is a parallelogram whose angles are right angles. 

13. The diagonfil of a square, of a parallelogram, or a rectangle, is a line 
drawn through either of them, and terminating at the opposite angles. Thus, 
in Figs. 8, 9 and 10, the line A C is the diagonal of the square, parallelogram, 
or rectangle. 

147. What is the angle of incidence f {Note — 1. What is an angle ? Upon 
what does the sise of an angle depend ? 2. What is a circle f 3. What are 
radii f What lines in Fig. 6 are radii i 4. What are diameters ." In Fig. & 
what line is the diameter ? 5. How is the circumference of all circles divided r 
Into how many parts does the diameter of a circle divide it f 6. How are all 
angles measured f Illustrate this by Fig. 6. 7. How many degrees do riffbt 
angles contain.' Acute? Obtuse.' Illustrate these angles by Fig. 6. 8. What 
Is a perfiendicular line ? What line Is perpendicular in Fig. 6 .' 9. What is a 
tangent? What line is a tangent In Fig. 6? 10. What is a square? 11. 
What is a parallelogram ? 12. A rectangle ? IS. What is a diagonal ? What 
lines are diagonal in Figs. 8, 9. and 10 ?} Explain the angle of incidence by 
figure 7tb. 
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the line which the incident body makes in its passuge 
towards any object, and a line per- ^**- ^- 

pendicuiar to the surface of the ob- 
ject. 

Thus, in Fig. 7, the line ABC repre-. P 
senta a wall, and P B a line perpendicular 
to its surface. O is a ball moving in the di- 
rection of the dotted line, O B. The angle ^ 
O B P is the angle of incidence. 

148. The angle of reflection, is the angle formed by 
the perpendicular, and the line made by the reflected 
body in its passage, from the surface against which it 
struck. 

Thus, in Figure 7tli, the angle P B R is the angle of reflection. 

149. The angles of incidence and reflection are al* 
ways equal to one another. 

Thus, in Figure 7th. the angle of incidence, O B P and the an- 
gle of reflection P B R are equal to one another ; that is, they con- 
tain an equal number of degrees. 

150. From what has now been stated with regard to 
the angles of incidence and reflection, it follows, that 
when a ball is thrown perpendicularly against an object, 
it will return in the same direction ; but if it be thrown 
obliquely, it will return obliquely on the opposite side 
of the perpendicular. The more obliquely the bail is 
thrown, the more obliquely it will rebound.* 



SECTION V. 

Mechanics f or ike Laios ofMoiion, continued, — Compound 

Motion. 



/< 



151. Compound motion is that which is caused by the 
operation of two or more forces at the same time. 

* It is fVom a knowledge oflheAe fucta that skill In acquired in many diflerent 
sorts of games, as Biiliitrds, Bagntelle, dec. 

148. Wtt.-U is tlie ani^le of reflection f llltisirate this by Fig. 7. 149. How 
4o tlie angles of Incidence and reflectiou coiiipHre with each other ! IlliiHirHte 
this by Fig. 7. 150. What follnwii from whni hmt lieen staietl with rfgarU u> 
Um anglM of incidence and reliection. l.**!. Wtau !» compound mottou : 
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Fig. 9. 



152. When a body is struck by two equal forces bl 
opposite directions, it will remain at rest* 

153. A. body struck by two forces in different direc- 
tions, will move in a line between them. This line will 
be the diagonal of a paralleloffram, having for its side 
the lines through which the boc^ would pass, if actuated 
by each of the forces separately. 

l.'>4. iUuftration Xst. Fig. 8 repretents a ball straek by tbt twft 
•qaal forces, X aod Y. In this figure, the forces are inclined to 
tach other at an angle of 90 degrees, or a right Fif. t. 

angle. The force X wouM send it from C to B, j. 
•im) the force Y would send it from C to D. A» 
it cannot obey both, it will go between them to A, 
and tlie line C A, through which it passes, rep- 
resents the diagonal of the square, A B C D. 
The time occupied in its passage from C to A witf 
be the same as the force X would require to 
■end it to B, and the force Y to send it to D. 

IG5. lUxuttratimi^id. If the two forces acting 
en a body are unequal, but still operate at right 
angles to each other, the body will move from 
C t» A as represented in Fig. 9 ; an which it is 
to be observed that the force ¥ is as much 
g^realer than the force X, as the length of the 
aide A B of the rectangle A B C D, exceeds 
the length of the side C B. 

I.'jG. llluBtration '^d. When two forces op- 
erate in the diiection of an acute angle, [See 
Fig. 10,3 ^^^ body will move, as represented 
by C A in the parallelogram A fi G D. 



JUuttration 4th. If the forces operate in the direction of an ob' 
tuse angle, the body will move as represented by D B in the same 
figure. 

157. Circular motion, is motion in a circular direc- 
tion, and is caused by two forces operating at the same 
time, by one of which it is projected forward rn a 
straight line, while by the other it is deflected towards a 
fi.xed point. 




Fig. 10 




162. In what direction will » body, struck by rwo equal forces in opprwits 
direniions, move .' 153. In iliflerentdirectiouit? Wlint is this line called f Illiu- 
trate the^e flrtit, by Fig. 8, which repre^ents a ball strncit by two equal ftMroet 
hi difftsreiit directions. Second, by Fi|{. 9, which represents a ball struck by 
fwo nnequn] f.irceM, acting at right nngleH. 'I bird, by Fig. 10, where ihe Torces 
operate in the direction of an acute angle. Fourth, by Fig. 10, wliere the 
flwrcea oneraie in the direction of an obioae anglQ. 157. Wtnu is drcular mo- 
tion t now Ut it caused f 
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' 156. lUugiration, Therwhirlin^ of a ball, fastened to a string 
held by the hand} .is an instance of circtdar motion. • The tiall is 
actuated by two forces, namely, the force of projection, and the 
string which confines it to the hand. The two forces act at right 
angles to each other, and (according to JVb. 153,) the ball will mo?e 
in the diagonal «f a panillelogram. But, as the force which con- 
fines it to Vae hand only Eeeps it within a certain distance, without 
drawing it nearer to the hand, the motion of the ball will be through 
the diagonals of an infinite number of parallelograms, formed by 
eftery fMfft of the cifcle. 

159. The centre of motion is the point around which, 
idl the parts of a body move. When the body is not 
of a size or shaf^p to allow every point to revolve in the 
same plane, the line around which it revolves is called 
the axis of motion. The centre or axis of motion is not 
always in the middle of a body. 

160. The force which confiqes a body to the centre 
round which it moves, is called the Centripetal* force. 
The force which compels a body to fly off from the 
centre, is called the Centrifugal^* force. These are 
called central forces. 

161. If the centrifugal force of a revolving body be 
destroyed, the body will immediately approach the cen^ 
tre which attracts it ; but if the centripetal force be 
destroyed, the body will fly off in the direction of a tan- 

f;ent of the circle which it described in its motion. 
See Fig. 6.] 

162. Illustration. If a mop filled with water be turned swiftly 
round by the handle, the tlireads which compose the head will fly 
<^frora the centre; but being confined to it at one end, they can- 
not part from it; whilst the water they contain, being unconfined, 
is thrown off in straight lines. 

163. The middle point of a body is its centre of mag- 
nitude. » 

164. The centre of gravity is the point about which 
all the parts balance each other. 

* The word centripetal means seeking the centre, and eentr\fUgal meani 
f ying (torn the centre. In circular motion, these two forces constantly balance 
each other •, otherwise the revolving body will either approach the centre or 
recede from it, accordiag as the centripetal or centrilligal force is the strongerw 

IM. Illostrate this. 159. What is the centre of motion ? What is the axis of 
notion f 160. What is the centripetal force ? What is the centrifugal foree f 
What are the centripetal and centrifugal forces called f 161. What would 
be the conaequence if the centrifligal and centripetal forces were destroyed, 
or did not balance each other? What is the meanins of the words oentripem 
and centrifugal f 163. What is the centre of magnitude? 164. What is the 
trt of gravity f 

3 
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166. The centre of motioa is generally supposetf to 
be at reBt.~ 

Thus Ibe Bii* of a ■piDnins t^p ia ■tationuj, while every othis 
put is in motion aronnil it. The aiia of motion and (be scotre (■ 
■Botion ire ternu which reUle only to circalu molion. 

166. Those parts of a body whicb are farthest froai 
the centre of motion, move ^ith the greatest velocity ; 
aud the velocity of all the parts dimiiushes, as tbeir di»- 
tance from the aib of motion diminishes. 

■ the Tanec of • wind' 
b the diffirrent p4r1a of 
ine-T&neB more, M ia the centre or uii of * rlf. 11. 
motion around which all the parta rerolve. 
The outer put ravolvw in the citcle 1) E F 
G, another port revolTe* in the circle H I J 
K, and the inner put in the circle I. N O P. 
ConaeqaeDtlf, ns they all refflie atound M 
in the »me time, the velocity of the parCx i 
which revolre in the outer circlea D E F O 
■nd H 1 J K i( *9 rouch grealer than the 
velocity of the part which reralvea in the 
inner circle, L N O F, >a the outer circlea n 

are larger than the inner onea, 

^G8. A* the enrth reTolvea round its axii, it followa, Trom tha 
preceding illustratioo, that the porliona of (he earth which move 
moat rapidly are neueit lo the equator, and that the nearer any 
pardon of the earth ia to the poles, the alower will be ita motion. 

169. Motion, either in a circle or ellipsis, or any 
other curve line, must be the result of the action of two 
forces ; for, the impulse of one single force affyaya pFO- 
duces motion in a right or straight line. 

170. A ball Ihrown in a horizontal direction ia in- 
fluenced by three forces i namely, first, tlie force of 
projection, (which givea it the horizontal direction ;.) 
second, the resistance of the air through which n 
passes, which diminishes its velocity, without changing 
its direction ; and third, the force of gravity which 
finally brings it to the ground. 

wkai itD Ibe Iirma ceaire of muilon iml nili or inwoB ntue> Im. What 

llunloclir of sll Ihc puu dlniniiili! Wliu dm Fi«. 1 1 npnunir What 
Mlowi wlih regard lo Ihe mnllan of ilia earih, friini ilie ilimirallidi tl 
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^Tbe force of projection is ffradaally oTereome by the power of 
fgnwiijf and the reiutance of the tir, iSd the body is brought to 
the ground. | 

171. The stronger the projectile force, the farther 

the bo^ will go before it falls. 

For this reftson, a shot fired from a canndn will go much farther 
tiian a stone thrown from the hand.* 

1 72. lUustratum. Fiff. 12 represents a cannon, loaded with a ball, 
and pbuied on the top of a tower, ^at such a height as to require jost 
three seconds for another ball to de- Fig. 12. 

•eend perpendicularly. Now sup- 
pose the cannon to be fired in a hor- 
ttontal direction, and at the same 
instant the other ball to be dropped 
toward the ground. They will both 
reach the horizontal line at the base 
oMie tower at the same instant. In 
this figure a represents the perpen<« 

dicular line of the falling ball. C b the curvilinear path of thi; 
projected ball, 3 the horizontal line at the base of the tower. Dur- 
ing the first Acond of time, the falling ball reaches 1, the next 
second 2, and at the end of the third second it strikes tiie ground. 
Meantime, that projected from the cannon, moves forward witli 
•ueh velocity, as to reach 4 at the save time that the falling ball 
reaches l.« But the projected btfl falls downward exactly as fast as 
the other, since it meets the line 1 4, which is parallel to the hori- 
Eon, at the same instant. During the next second the ball froia 
the cannon reaches 5, while the other falls to 2, both having d«' 
scended through the saine space. During the third second the pro- 
jected ball will have spent nearly its whole force, and therefore its 
downward motion will be greater while U19 motion forward will be 
less than before. 

173. From hence it appears that the horizontal motion does not in 
the least interfere with tne action or the efieot of gravity ; but that 

* The actioa mCgnyity being always the same, (he shape of the curve of every 

prqjectile (See No. 39,) depends on the velocity of ito motion. But, whether 

thia velocity pe grett or email, the moylng body, if thrown hodzontally fVora 

the same elevation, will reach the groond at the same instant. Thus a ball 

from a cannon, with a charge sufflcieat to throw it half a mile, will reach the 

ground at the same instant of time th<tt It would, had the charge been sufficient 

to throw It <ui^ two, or six miles, from the same elevation. The distance to 

^irblch a ball will be prcrfected, will depend entirely on the force with which it 

*ls throwu, or on the velocity of its motion. If it moves slowly, the distance 

will be short — if more rapidly, the space passed over in the same time will be 

greater} but tnbot|i cases the descent of the ball towanls theenrth, in the same 

'time, will be the same number of feet, whether it mov<i4 (iut or slow, or even 

whether It move lfr#ard at all, or not. 



What are theyf Why do bodies fUIl to the ground? 171. Why do tome 
bodies go farther than others l>efore they fhll i What does Fig. 12 represent f 
Jfotf. — iJpon what does the shape of the curve of every projectile depend ? 
Does ■ the time of the descent, if thrown horizontally, depeud upon the velo- 
city f II Tlstrate this. Upon what does the distance, to which a ball may be 
frq)ectsd, depeM ? What follows flrom this i 
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the projectile descends with the same rapiditj while movng for- 
ward that it woald if its motion were perpendicular to the horizon. 
This is the necessary result of the action of two forces, acoording to 
the principle stated m No. 153. 

174. A projectile is any body thrown into th« air, as 
a rocket, a ball from a gun, or a stone from the hand. 

175. On account of the force of gravity and the re- 
sistance of the air, projectiles form a curve line both in 
their ascent and descent," and their motion is gradu- 
ally changed in their descent from a horizontal to a per- 
pendicular direction. 

J 76. Illustration. In Fig. 13 the force of projection woald cany 
a ball from A to O, while gravity would bring it to C. If theie two 
forces alone prevailed^ the ball w«uld Fig. is. 

proceed in the dotted line to B (accord- 
ing to the principle stated in number 
15o.) But as the resistance of the air 
operates in direct opposition to the force 
of projection insteaa of reaching the 
ground at B, it will fall somewhere 
about E. EC 

It is calculated that the resistance of the air to a cannon hall of 
two pounds weiglit, with the velocity of two thousand feet fal a 
second, is more than equivalent^o sixty times tiie weight of the 
ball. 

177. When a body is thrown upward ohiiquely, its 
course will be in the direction of a curve-line, called a 
farahola* [Sec Fi^, 14.] but wnen it ^- 1*- 
IS thrown perpendicularly upward, it ^ 

will descend perpendicularly, because 
the force of projection and that of grav- 
ity are in the same line of direction. 

* The science of gunnery is founded upon the laws lelating to projectiles. 
The force of gunpowder is accuratel)^ ascertained, and calculations are predUca- 
ted upon these principles, which enable the engineer to direct hia guna in ancll 
a manner as to cause the fall of the shot or shells in the very spot where he tai- 
tends. The knowledge of this science saves an immense expenditure of ammth 
nltion, which would otherwise be idly wasted without producin^any eflfeol. In 
attacks upon towns and fortifications, the skiUUl engineer snows the means ^ 
has in his power, and can calculate, with great precision, their effects. It is in 
this way that the art of war has been elevated into a science, and nojicb is made 
to depend upon skill, which, previous to the knowledge of these principles, de- 

— » * : 

174. What is a projectile ? 175. What line do projectiles form in their de- 
scent f Why is the direction of their motion gradually changed from a hori- 
zontal to a perpendicular direction } Illustrate this by Fig. IS. How great is 
the resistance of the air calculated to be to a cannon ball of two pounds weight, 
with the velocity of 2000 feet in a second ? 177. In what direction will a body 
move, when it is thrown upward obliquely f When will a ball descend in the 
same direction in which it ascended f Why f .^ 
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178. The random *of a projectile is the horizontal dis- 
tance from the place whence it is thrown, to the place 
where il strikes. The greatest ran- 
dom takes place *t an angle of 45 ^^' *** 
degrees — that is, when a, gun is 
-pointed at this angle with the 'horizon, 
the ball is thrown to the greatest dis- 
tance. 

Fig. 15 sepresentB a gun or a carronade, 
firom which a ball is thrown at an angle of 45 
degrees with the horizon. 

179. When the centre of gravity of a body {See No. 
164) is net supported, the body will fall. 

180. The base of a body is its lowest side. The 

pended entirely upon physical power. It is likewise by the same means that 
vara are rendered much less sanguinary in modem times. The force with 
which balls are thrown by gunpowder is measured by an instrument called the 
Batlifiic pendulum. It consists of a large stock of wood suspended by a rod in 
the manner of a pendulum. Ii^to this block the balls are fired, and to it they 
eommunicate their own motion. Now tbe weight of the block, and that of tb« 
ball being known, and the motion or velocity of the block being determined by 
machinery, or by observation, the elements are obtained by which the velocity 
of the ball may be found *, for, the weight of the ball is to the weight of th€ 
block OS the velocity of the block is to the velocity of the hall. By this simple 
apparatus, many facts relative to the art of gunnery may be known. If the ba^ 
be fired at different distances, from the same gun, it will be seen how much re- 
sistance the atmosphere opposes to its force at such distances. Rifles and guns 
of smooth bores may be tested, as well as the various charges of powder best 
adapted to difibrent distances and different guns. These, and a great variety of 
other experiments, useftil to the practical gunner or sportsman, may be made 
by this simple means. 

With respect to the velocity of balls impelled ^y gunpowder, it has been 
found that, with a common charge, from a musket, this is about 1650 feet per 
second, when first discharged. The utmost velocity that can be given to a can- 
non ball, is 2000 feet per second \ and this only at the moment of its leaving 
the gun. 

In order to increase the velocity fVom 1650 to 2000 feet, one half more pdwder 
is required ; and even then, at a long shot, no advantage is gained ; since, at tbe 
distance of 500 yardsfthe greatest velocity that can be obtained is only 1200 or 
1900 (bet per second. Great charges of powder are therefore not only useless, 
but dangerous ; for, though they give little additional force to the ball, they 
liszard the lives of many by their bursting power. 

Experiment has also shown, that, although long guns.^ive a greater velocity 
to the shot than short ones, still, that on the whole, short ones are preferable -, 
and, accordingly, armed ships are now almost invariably furnished with short 
fans, called carronades. 

The length of sporting guntf has also been greatly reduced, of late years. For- 
merly, the barrels ^i(ve from four to six feet in length ; but the best fowling 
pieces of the presq^t day have barrels of two feet, or two and a half, only, in 
WDgth. Guns of abeut this length are now universally employed for such game 
■S woodcocks, partridges, grouse, and such birds as are taken on the wing, with 
tlw exceptions of ducks and wild geese, which require longer and heavier guns. 

178. What is the random of a projectile ? At what angle does the greatest 
rsndom take place ? 179. When will a body foil ? 180. What is the base ofa 
body ? In Figs. 16 and 17, what represents the base .' 181. When will a body 
stud? When Wn it fhll ? Illustrate this by Fig. 17. What follows firom this ' 

3* 
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base of a body standing on wheels or ^^^ j^ 

J«g8, is represented by lines drawh 

from the lowest part of one wheel or 

^\\egf to the lowest part of the other 

'- wheel or leg 

Thus, in Figures 16 and 17, D £ represents 
the base of the wagon and of the table. 

^181. Whenever a line drawn from the centre of 
gravity and perpendicular to the horizon falls within 
the base of a body, the body will stand, but when that 
line falls outside of the base, the body will fall or be 
overset. This line is called the line of direction^, be- 
cause it is the line which the centre of gravity would 
describe, if the body were suffered to fall. 

182. niuatration. Fi^. 17 represents a loaded wa^n on the de- 
clivity of a hill. The line C F represents the horizon. DE'tlie 
base of the wagon. If the wagon be loaded in 

such a manner that the centre of ^avity be at B, Fig* 17. 

the perpendicular B D will fall within the base, 
and the wagon will stand. But if the load be al- 
tered so that the centre of gravity be raised to A, 
the perpendicular AC will lall outside of the base, 
and the wagon will be overset From this it fol- 
lows that a wagon, or any carriage, will be most 
firmly supported when the centre of gravity falls 
exactly between the wheels ; and that is the case 
GO a level road. The centre of gravity, in the human body, is be- 
tween the hips, and the base is the feet 

So long as we 8tan4 uprightly, the line of direction falls within 
this base. When we lean on one side, the centre of gravity, not 
being supported, we no longer stand firmly. 

183. A rope-dancer performs all his feats of agility by dexterously 
supporting the centre of gravity. For this purpose he carries a 
heavy pole in his hands, which he shifls from^ side to side as he 
alters his position, in order to throw the weight to the side which 
is deficient ; and thus, by changing the situation of the centre of 
gravity, he keeps the line of direction within the base, and he will 
not fall.* 




* The shepherds in the south of France afford an interesting instance of the 
application of the art of balancing to the common business of life. These men 
walk on stilts fVom three to four feet high, and their children, when quite younf, 
are taught to practise the same art. By means of these odd additions to ths 
length of the leg, their feet are kept out of the water, or the heated sand, and 
they are, also, enabled to see their sheep at a greater distance. They use thesS 
■tilts with great skill and carto, and run, jump, and even dance on them with 
great ease. 



Where is the centre of gravity in the human body i Where is the 
189. How ia it that rope-dancers perform their feats of agility f 
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164. A spherical body wiU roll down a slope, beeauM 
the ceatre of gravity is not supported.* 

185. When a body is of uniform density, the cento 
oTgravity is in the same point with the eentre of magnllc^ 
ta&. ■ ^^■ 

When one part of the body is compoaed of heavier materialftthfli 
another part, the centre of grayity, (oeing the centre of the weight 
of the body,) no longer eocresponds with the centre of magnituds. 
Thaa the centre of mvity of a cylinder plugged with leaid, is not 
in the aame spot te Vie centre of magnitude. 

186. Bodies, therefore, consisting of bat one kind of rabetance^ 
as wood, stone, or lead, and whose densities are consequently uni- 
form, will stand more firmly, than bodies composed of a variety of 
substances, of different densities. 

187. Bodies that have a narrow base are easily ov>e»» 
set ; for if they are in the least degree inclined, the hne 
of direction will fall outside of the base, and their cen- 
tre of gravity will not be supported.! 

188. The broader the base, and the nearer the cea* 
tre of gravity to the ground, the stronger will be thei 
edifice. 

For this reason a pyramid,^ having a broad base and but little 
elevation, is the firmest of all structures. 

189. When two bodies are fastened together, they 
are to be considered as forming but one body, and have 

* A cylmder can be made to roll up a ilope, by plugging one side of it with 
lead; the body being no longer of a uniform density, the centre of gravity ii re- 
moved from the middle of the body to some point in the lead, as that substance 
is much heavier than wood. Now, in order that the cylinder may roll dowa 
the plane, as it is here situated, the centre of gravity must rise, which is impos- 
sible ; the centre of gravity must always descend in moving, and will descend 
by the nearest and readiest means, which will be by forcing the cylinder up lbs- 
slope, imtil the centre of gravity is supported, and then it stops. 

t A person can carry two pails of water more easily than one, because they 
haiance each other, and the centre of gravity remains supported by the feeC. 
But a single pail throws the centre of gravity on one side, and renders it mors- 
difficult to support the body. 

X A cone has also the same degree of stability ; but, Btrictly*speaking, a 
is a pyramid with an infinite number of sides. 



184. Why do spherical bodies roll down slopes ? How can a cylinder be 
made to roll up a slope ? How does this affect it i 185. Where is the centre 
of gravity in a body of uniform density f Do the centre of gravity and the cen 
tre of magnitude correspond when one part of a body is composed of heavier ma 
terials than another i 186. What bodies must stand more firmly than others f 
Why f 187. Why do bodies which ^ave a narrow base overturn more easily, 
than those which have broad bases f Why can a person carry two pails of 
water more easily than one ' 188. Why is a pyramid the firmest of all stnuv 

of equal weight are fastened together, where i*thSr 



189. If two bodies 
eentre of gravity f If one be heavier than the other f 
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but one centre of gravity. If the two bodies be of equal 
weight, the centre of gravity is in the middle of the lii|e 
which unites them. JBut if one be heavier than the 
other, the centre of gravity is as much nearer to the 
centre of the heavier one than to that of the lighter one, 
M the heavier exceeds the light one in weight. 

190. lUuMtraHon, Fig. 18 represents a Fig. 18 
fdd or pole with an equal weight fastened 
•I each end : the centre of gravity is at A, 
the middle of the rod, and whatever sup- 
ports this centre will support both the bodies 
and the pole. 

191. Fig. 19 represents a rod or pole 
with an unequal weight at each end. The 
oentre of gravity is at C nearer to the larger 
body. 



W 



Fig. 20 represents a rod or pole with 
unequal weights at each end, but the larger 
weight exceeds the less in such a degree 
that the centre of gravity is within the 
larger body at C 



Fig. 19. 




Fig. 20: 




SECTION VI. 
Resultant Motion, 



192. Resultant motion is the effect or result of two 
motions resolved into one. 

193i» Illustration. If two men be sailing in two boats, in the 
same direction, and at the same rate, and one toss an apple to the 
other, the apple would appear to pass directly across from one to 
the other, in a line of direction perpendicular to the side of each 
boat. But its real course is through the air in the diagonal of a 
ppurallelogram, formed by the lines representing the course of each 
boat, and perpendiculars drawn to those lines from the spot where 
each man stands as the one tosses and the other catches the apple. 
In Fig. 21 the lines A B and C D represent the 
course of each boat; E is the spot where the 
man stands who tosses the apple ; while the ap- 
vile is in its passage, the boats have passed from 
£ and G to H and F respectively. But the ap- q 
pie havinff a motion with the man that would 
carry it from E to H and likewise a projectile 



Fig. 21. 
6 F 



B 



E H 



Wbat does Fig. 18 repreoent ? Fig. 19 f Fig. 20 f 192. Of what is resollaat 
notion the eflbet f What iUtwtratioii is given t Explain by Fig. 21. 
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force which would curry it from E to G, cannot obey them both, 
but will paas through the dotted line £ F, which is the diagonal os 
the paraUelogram £ G F H, according to the principle in No. 153. 
194. On the principle of resiUtant motion, if two thipe in an en 
gagement be sailing before the wind, at eqoal rates, the aim of the 
gunners will be exactljr at though they both stood still. But if the 
guhner fire from a ship ^landing still, at another under sail, or A 
sportsman fire at a bird on the wing, each should take his aim ft 
little forward of the mark, because the ship and the bird will ptm ft 
little forward while the shot is passing to tnem. 



)C 



SECTION VII. 
The Pendulum. 



195. The Pendulum* consists of a weight, or ball of 
metal, suspended by a rod, and made to swing back 
wards and forwards. 

196. When a pendulum swings, it is said io vibrate, 
md its movements are called mbrations. The part of 
a circle through whic)^ it moves, is called its are. The 
attraction of gravity causes its vibrations. 

197. The vibrations of pendulums of equal length, 
are. very nearly equal, whether they move through a 
greater or less part of their arcs. 

* The pendulum ^s^s inyented by Galitoo, a great aitronomer of Florence, la 
the beginning of the seventeenth century. PerceiTing that the ehandelien aos 
pended flrom the ceiling of a lofty church ribrated long and witii great nnUbrml 
ty. a« they were morea by the wind or by any accidental dieturbaDce, he was 
led to inquire into the cause of their motion, and this inquiry led to the teventloa 
of the pendulum. From a like apparently inconsiderable circumstance arose 
the great discovery of the principle of gravitation. During the prevalence of the 
plague, in the year 1665, Sir Isaac Newton retired into the country to avoid the 
contagion. Sitting in his orchard, one day, he observed an apple &U from a treeu 
Mis inquisitive mind was immediately led to consider the cause which broqghc 
the apple to the ground, and the resulfof his inquiry was the discovery of £aC 
grand principle of gravitation (See Ifos, 86, 87) which may be considered as the 
nrst and most important law of matwial nature. Thus, out of what had been 
before the eyes of men, in one shape or another, from the creation of the world, 
did these philosophers bring the most important results. 

196. Of what does a Pendulum eonsist f 196. When is a peoduhim siUd te 
vibrate i What are its movements called f What is meant by its arc ? Whet 
causes its vibrations ? 197. How do the vibrations of pendulums of equal lengtH 
eompara ! 'Illustrate by Fig. 23. By whom was the pendulum invented I What 
led him to the discovery ? By whom was the principle of gravitatlott ^dlih 
oofaied ? What led him to the discovery f 
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19B. Illustration, In fi^are 22 A B re- Tig. 9S. 

pretents a pendulum. D F £ C the arc in 
which it vibrates. If the pendulum be 
raised to £ it will return to F, if it be raised 
to C it will return to D in nearly the same 
length of time, because that in proportipn 
as the are is more extended, the steeper 
are its beginnings and endings, and, there- 
fore, the more rapidly will it fall. 

199. The time occupied in the vibration of a pendu- 
lum, depends upon its length. The longer the pendu- 
lum, the slower are its vibrations. 

200. The length of a pendulum which vibrates sixty 
times in a minute (or, in other words, which vibrates 
seconds^ is about 39 inches. But in difierent parts of 
the eartn this length must be varied. A pendulum to 
vibrate seconds at the equator must be shorter than one 
which vibrates seconds at the poles. 

201. A clock is regulated by lengthening or shortening 
the pendulum. By lengthening the pendulum, the clocE 
is made to go slower ; by sl^ortening it, it will go faster. 

The pendulum of a clock is made longer or shorter, by meani 
of a screw beneath the weight or ball of the pendulum. Tne clock 
itself is nothing more than a pendulum connected with wheel-work, 
so as to record the number or vibrations.* A weight is attached, in 
order to counteract the retarding effects of friction, and the resistr 
ance of the air. The wheels show how many swings or beats of 
the pendulum have taken place in a Hven time, because, at every 
beat, the tooth of a wheel is allowed to pass. Now if this wheel 
have sixty teeth, it will turn round once in siaty vibrations of the 
pendulum, or in sixty seconds ; and a hand, fixed on the axis of the 
wheel projecting through the dial plate, will be ^e second hand of 
the clock. Other wheels are so connected with the first, and the ' 
Bumber of teeth in them is so proportioned, that the second wheel 
turns sixty times slower than the first, and to this is attachea the 
minute hand; and the third wheel, moving twelve timed slower 
than the second, carries the hour hand. On account of the expan- 
non of the pendulum by heat, and its contraction by colfl, clocks 
will go slower in summer than in winter, because the pendulum is 
Uiereby lengthened at that season ^ 

202. A watch differs from a clock, in having a vibrating wheel 

199. Upon what does the time of the vibrationa of a pendalam depend f 900. 
What ii the length of a pendulum which vibrates sixty times in a minute f Do 
difflsrent situations affbct the vibrations ? How can a pendulum which vibrates 
seconds at the equator be made to vibrate seconds at the poles t 201. How is 
a clock regulat^ i What effect has the lengthening of the pendulum f Ths 
sikortening f What is a clock f Of what use is the weight i What do ths 
wheels show f Why do clocks go slower in summer than in winter f 203. How 
dioss a watch diflfbr from a clock f •*■ 
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instead of a peodulum. This wheel is moTed by a sprini 
the hair spring. The pkce of the weight is Buppliea by 
larger spnngy called the mam spring. 



SECTION vin. 

Tke Mechanical Powers, 

203. The mechanical powers are certain contrivances 
designed to increase or diminish force, or to alter ita 
direction. 

204. There are five things which are to be considered, 
in order to understand the power of a machine, namely : 

First, the power that acts. 

Secondly, the resistance which is to be overcome by 
the powers. 

Thirdly, the centre of motion, or, as it is sometimes 
called, the fulcrum, (which means a prop or support.) 

Fourthly, the respective velocities of the power and 
the resistance ; and,-^ 

Fifthly, the instruments employed in the constructioa 
of the machine. 

205. UlustratUm. The power that acts is the mascular Btreqgth: 
oTxnen, or animals, the weight and momenta m of solid bodies, the 
elastic force of steam, springs, the pressure of the air, &c. 

The resistance to be overcome is the attraction of gravity, or of 
cohesion, the inertness of matter, &c. 

The centre of motion, or the fulcrum, is the point about which 
all the parts of the body move. 

The velocity, as has already been explained, is represented by the 
time occupied in producing a certain enect. 

The instruments are the mechanical powers which enter into the 
oonstmction of the machine. 

206. There are six mechanical powers, namely, the 
Lever, the Pulley, the Wheel and Axle, the Inclined 
Plane, the Wedge, and the Screw. 

903. What are the mechanical powers f 204. How many things are to bo 
considered in order to understand the power of a machine ? What is the first I 
(tecond ? Third ? Foarth i Fifth i 205. What is the power that acta I 
What te the resistance to be overcome i What is the ftUcrum ? What is 
Ihs ^Rsloeity f 906» How isany mechanical powers are th<tre f What ass 




NATURAL PHILOSOPHT. 

907. The Lever* is an inflexiblet bar, noYable on a 
fulcrum, or prop. 

208. There are three kinds of levers, called the first, 
second, and third kinds, according to the respective 
position of the fulcrum, the power and the weight. 

209. In a lever of the first kind, the weight is at one 
end, the power at tlMt other, and the fulcrum between 
them. 

210. lUustration. Fig. 23 represents a simple lever of the first 
kind, resting on the fnlemm F, and ^ig, S8» > 
movable upon it. W is the weiffht 

(or heavy stone) to be moved, and P 
it the power (or hand) which moves 
it. The advantage gained in the use 
of this kind of lever is in proportion 
tm the distance of the power from the 
fnlcrum exceeds that of the weight 
from the fulcrum. Thus, in this fig- 
ure, if the distance between P and F be double that between W and 
F, then a man, by the exertion of a force of 100 pounds with the 
lever, can move a weight of 200 pounds. From this it follows that 
the nearer the power is applied to the end of th^ lever most remote 
from the fulcrum, the greater is the advantage gained; Thus,, in 
the same figure, a greater weight can be moved by the same power, 
when applied at B, than when it is exerted at F.t 

* The lever it made in a great variety of forins, and of many difibrent mate 
rfalB. 

t By an infieanble bar is meant one which will not bend. The fbUnram^ §t 
prop, is likewise constructed in a variety of ways. Sometimes it is merely a 
atone on which a lever in the fbrm of a crowbar rests. Sometimes it is- a pin 
passing through the lever, &e. 

^ It is a fiindamental' principle in mechanics that what is gained in power is 
lost in time. [See No, 117.] To ilhistrate this principle, (Fig. 24} W repraeenta 
tile weight, F the flilcrum, P the power, and the 
bar W F P the lever. To raise the weight W to Fig. 24. 

10, the power P mast descend . to p. But as the 
radijs or the circle in which the power P moves 
la doable that of Uie radiua of the circle in which 
tile weight W moves, the arc "P p\» double the arc 
W to; or, if) other words, the cDstance V p ie 
double the distance (^ W to. Now, as these dis- 
tances are traversed in the same time by the pow- 
er and the weight respectively, it follows that the 
velocity of the power must be double the veh)city 
4>f the weight *, that isy the power mast move at 
tile rate of two feet in a second, in order to move 
tile weight one foot in the same time. 

This principle applies not only to the lever, but 

207. What is a lever } 208. How many kinds of levers are there ? How do 
tii^y diflbr i 209. What is a lever of the first kind f 210. What figure iUustrafai 
tills ? Explain it by the figure. To what is the advantage, gained by this leveR 

S-oportional .' What follows from this ? What is meant by an inflexible bar f 
ote. What is a ftindamental principle in mechanics f Illustrate tiiia by tiM- 
flgore. Does this principle apply to all the mechanical powara? 
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211. A balance, or pdr of scale*, is a IcTer of the first kind, with 
9qual arms. Steelyards, scissors, pincers, snaffisrs, and a poker tued. 
for stirring the fire, are all ieTers of the first kind. The longer Um* 
handles of scissors, pincers, &c , and the shorter the points, the 
more easily are they used. 

212. A hammer lever Fif . 2& 
Offers only in form from p 
leFers of the first kind. A 
compound lever consists 
of several levers, so ar- 
ranged that the shorter 

>jf m of one may act on the longer arm of the other. (See Fig. 25.7 

'^<^13. In a lever of the second kind, the fulcmtn k at 
one end, the power at the other, and the weight «1>e- 
tween them. 

214. Illustration. Fi^. 26 represents a lever of the second kind. 
F is the fulcrum, P the power, and *W the pj^ 28, 
wieifrhfe. The advantage gained by a lever of 
this kind is in proportion as the distance of the P, 
power from the fulcrum exceeds that of the 
weight from the fulcfum. Thus as this figure 
of me distance from P to F is four times the 
dbtance firom W to F, then a power of one pound 
at P will balance a weight of four pounds at W. 

This kind of lever explains the manner in which two persons, 
earrying a heavy burthen, (as, for instance, a cask upon a pole,) 
may be made to bear unequal portions of it, by placing it nearer to> 
the one than the other. 

215. Two horses, also, may be made to draw unequal portions of 
a load, by dividing the beam attached to the carriage in such a 
manner that the weaker horse may draw upon the longer end of 
the beam. 

216. Oars, rudders of ships, doors turning on hinges, and cutting- 
knives, which are fixed at one end, are constructed upon the prin- 
ciple of levers of the second kind.* 

to all the mecbanical powers, and to all machines constructed on mechanical 
principles. 

When two weights are equal, and the fulcrum is placed exactly in the centre 
of the lever between them, they will mutually balance each other ; or, in other 
words, the centre of gravity being supported, neither of the weights will sink. 

To make the lever act as a mechanical power, the fulcrum must be placed 
near the weijght to be moved, and the power or hand at the greater distance 
flrom it. Tlie force of the lever, therefm^, depends on its length, together with 
the power applied, and the distance of the weight ft-om the flilcrttm. 

* It is on the same principle that, in raising a window, the hand should bo 
applied to the middle of the sash, it will then be easily raised ; whereais if the 
hand be applied nearer to one side than the other, the centre of gravity being- 
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Note. When two weights are equal, where is the fblcrum f How must the 
Ailcrum and power be placed, to make the lever act as a mechanical power f 
Upon what does the fbrce of the lever depend f 211. Give some examples of 
Javers of the first kind. 21S. What is a lever of the second kind f 214. What 
figure illustrates this f To what is the advantage gained, by this lever, propoiw 
1 ? 216. Give sMDe exankfiiei of levsrs of the second kind: 
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217. In a lever of the third kin?, the fulcrum is at 
one end, the weight at the other, and the power is ap- 
plied between them. * 

218. In levers of this kind the power must always exceed the 
weight, in the same proportion as the distadbe of the weight from 
theTuIcrum exceeds mat of the power from the fulcram. 

219. Fig. 27, F is the falcrum, W the wieight, and P the power 
between the fulcrum and the weight; and the ^^ 27. 
power must exceed the weight in the same pro- a^y 
portion that the distance between W and F ex- p 
ceeds the distance between P and F. 

A ladder which is to be raised by the strength 
of a man's arms, represents a lever of ^his kind, 
where the fulcrum is that end which is fixed 
against the wall: the weight may be Considered 
as at the top part of the ladder, and the power is the strength ap- 
plied to the rearing of it. 

220. The bones of a man's arm, and moat of the movable bonea 
of animals, are levers of the third kind. But the loss of power in 
limbs of animals is compensated by the beauty and compactiiess of 
the limbs, as well as the increased velocity of their motion. The 
wheels, in clock and watch work, and in various kiiids of machine- 
ry, may be considered as levers of this kind, when the power that 
moves them acts on the pinion, near the centre of motion, and Uie re- 
aistance to be overcome acts on the teeth at the circumference. But 
here the advantage gained is the change of slow into rapid motion. 
The sails of vessels are constructed on the principle of the lever. 

221. The Pulley is a small wheel turning on an axis, 
with a string or rope in a groove running around it. 

222. There are two kinds of pulleys, the fixed and 
the movable. The fixed pulley is a pulley fastened to 
the waU or to a beam, and is used only for changing 
the direction of motion. 

223. Illustration. Fi^. 28 represents a fixed pulley. Fig. 38. 
P is a small wheel turnmg on its axis, with a string run- 
ning round it in a groove. W is a weight to be raised. 
F is the force or power applied. It is evident thatj by 
pulling the string at F, the weight must rise just aa 
much as the string is drawn down. As, therefore, the 
velocity of the weight and the power is precisely the 
same, it is manifest that they bakince each other, and 
that no mechanical advantage is gained. [See JV0. 117.] 
But the pulley is very useful for changing the direction of 

unsupported, will cause the fiirther side to bear against the firame, and obslmal 
Its flree motion. 




917. WhfU is a lever of the third kind? 218. In what proportion must the 
power exceed the weight in this lever ? Explain Fig. 27. 220. Give some 
axsmples of levers of the third kind. 221. What is a pulley f 222. How many 
kinds of pulleys are there ? What are they f What is a fixed pulley ? Exphrin 
Fig. 28. What advantage ia gained by this pulley t What is the use oTihis 
palley f 
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Botion. If, for instanee, we wish to raise a weight to ihe top of a 
high building, it can be done with the assistance of a fixed pullej, 
by a man standing below* A curtain, or a sail, also, can be raised 
by means of the &ed pulley, without ascending with it, by draw- 
ing down Che string connected with it. 

224. The movable pulley differs from the fixed pulley 
by being 'attached to the weight ; it therefore rises and 
falls with the weight. 

225. Illustration. Fi|r. 29 represents a movable pul- 
ley, with the weight W attached to it by a hook below. 
One end of the rope is fastened at F ; and as the power 
P draws the weight upwards, the pulley rises with 
the weight. Now, in order to raise the weight one 
inch, it 1^ eyident that both sides of the string must be 
shortened, in order to do which, the power P must pass 
over two inches. As the velocity of the power is 
double that of the weight, it follows (ky JVb. 1 17) that a 

Kwer of one pound will balance a weight on the mova- 
i pulley of two pounds. From which it appears that — 

226. The power gained by the use of pulleys is 
certained by multiplying the number of movable pulleys 
in the lower block by Sl.\ 

227. Illustration. A weight of 72 pounds may be balanced bi^ a 
power of 9 pounds with four pulleys ; by a power of 18 pounds with 
two pulleys ; or by a power of 36 pounds with one pulley. But in 
each case the ^ace passed over by the power must be douttle the 
apace passed over by the weight, multiplied by the number of mova- 
ble pulleys. That is, to raise the weight one foot, with one pulley, 
the power must pass over two feet, with two pulleys four feet, wiUi 
fiiuirpulle^s eight feet. 

228. Fig. S represents a system of fixed and 
movable pullers. In the block F, there are four fixed 
pulleys, and in the block M there are four mova- 
ole pulleys, all tifrnins on their common axis, and 
rising ana falling with the weight W. The movable 
pulleys are connected with the fixed ones by a string 
attached to the hook H, passing over the alternate 
grooves of the pulleys in each block, forming eight 
corfls, and tei^minating at the power P. Now to raise 
the Veight one foot, it is evident that each of the 
eight cords must be shortened one foot, and, conse- 
enently, that the power P must descend eight times 
tliat distance. The power, therefore, must pass over 
efghft times the distance that the weight moves. 

* The fixed pulley operates on the same principle as a lever of the first kind 
with equal arms, where the fulcrum being in the centre of gravity, the power 
and the wei^t are equally distant flrom it, and no advantage is gained. 

t This rule applies only to the movable pulleys in the same block. 
'——^^—^— t ' » . ■ 

UponVbal principle does the fixed pulley operate? 224. How does tha 
morable pulley dijtTer {com the fixed pulley ? Explain Fig. 29. 225. How esn 
tte power gained by the use of the movable pulley be ascertained i S27. What 
Uastiatioii of tbis isfiven ? 228. What does Fi^. 30 represent * 
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2S9. Pulleys act on the same principle with the lef- 
er, the deficiency of the strength of the power beiqc 
compensated by its superior velocity. {See JSo, 11 7. J 
Now, as we cannot increase our natural strength, but 
can increase the velocity of motion, it is evident that 
we are enabled, by pulleys and other mechanical pow- 
ers, to reduce the resistance or weight of any body to 
the level of our strength. 

230. Practical use of PuUeys. Pulleys are used to nuee gpoia 
into warehouses, and in ships, &c. to draw ap the nib. Botii 
kinds of pulleys are in these cases advantageously applied; for ths 
sails are raised up to the masts by the sailors on deck by means of 
the fixed pulleys^ while the labor is facilitated bv the mechanioal 
power of the movable ones. 

931. Both fixed and movable pnlleys ate oonstmeted in a. giMft 
variety of forms, but the i>rinciple on which all kinds are eoasCnie^ 
ed, is the same. What is generally called a iaekU mttd foBBL^ al^a 
block and tackle, is nothing more than a poUey. PuO^fS hsfv, 
likewise, lately been attach^ to the harness of a hone to enaUt 
the driver to govern the animal with leas exertion of strength. 

232. It may be observed, in relation to the mechanical powers in 

Kneral, that power is always gained at the expense of time and ve- 
rity ; that is, the same power which will raise one pound in one 
minute, will raise two pounds in two minutes, six pounds in six 
minutes, sixty pounds in sixty minutes, &c. ; and that the same 
quantity of force used to raise two pounds one foot, will raise one 
pound two feet, &c. And, farther, it may be stated that the pR^ 
duct of the weight, multiplied by the velocity of the weight, will 
always be equal to the product of'^the oower multiplied by Uie vekh 
city of the power. Hence we have the following rule. The power 
is in the same proportion to the weight as the velocity of the weight 
is to the velocity of the power. C 

233. The wheel and axle consists o^ two wheels, one 
of which is smaller than the other, revolving together 
around the same centre of motion. The place of the 
smaller wheel is generally supplied by a cylinder, which 
is called the axle. A cylinder is a round body with flat 
ends. 

234. Illustration, The wheel and axle though made in nMttiy 
forms, will easily be understood by inspectinsr Figs. 31 and zi. 
In Fig. 31 , P represenU the larger wheel where the power is a]|plied ; 

229. Upon what principle do pulleys net ? What advantage is gained by the 
use of pulleys and other mechanical powers ? 230. What are some of the prac- 
tical uses of the pulley ? 231. What ia a tackle and fhll ? 232. Is there any time 
or velocity gained with the power in the mechanical powers ? To what is the 
product of the weight, multiplied by the velocity of the power, always equal f 
What rule is given f 233. Of what docs the wheel and axle consist f What is a 
orUnder t 334. What Agurea illustrate the wheel and axle > 



tfECHANICS. 



•ndWlhe 



etlled . the ule. 



the 




pined is. in prapartioa 
■■ the cucmmereoce of 
tke irlieel ii gretiet than 
Oat of the ule. Tbkt 
ia, if the circumlereDoe 
w the wheel be" mx time* 
the ciraDinfeieDce of the 



win b^anee 
power of lil poonda 
tbe'axle. 

SS5. Sometimea I 
•Xle "i* coa*tructed with 
t wincli or handle 
■lewl of Ibe wheel, 



le la 

■ame with that of the 
other iDCcbiaical powera, 
the want of power beiil^ 

sated by veloci^. 

ridcDl (fiom the 
Wig* 31 and 33) tliBt the 
Telocity of the ciicumler- 



for the wheel deicrlbei 
^le deacribea a iDiall on 
proportion 



It of the 1 
port a weight of twt 

237. In connexion with the wheel and aile, it is proper to men- 
tioD the aabject of complex wbeel-work. It haa alreadv been etatcd 
that tlie Telocitjr of the wheel is greater than (hat of the axle ; and 
thi* Telocily ia in propertion to the relative size of the wheel cora- 
pand with that of the axle. Adrantage is taken of this circunt- 
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238. iJiutTaiion. Fig. : 
aslea, each wheel acting on tbe axle of tha 
adjoining \vheel. F it Uie powei ^>plied te 
Ifae Bile of the wheel d. Nsw, luppoainc tbc 
ciicumfeience of each wheel to be aiz timei 
the circumrerencF of each ule, il ii eTidenl 
that each time the wheel d levolvea it must 
oauM the wheel c to make aix leiiDlutioDB, 
became the circumferenca of the wheel d it _ 
six times the ciicamference of Ihe aila of c. 
In like maaoei the circumfeTenoeB of the wheels e and b, actinen 
apecliTel; on the circuraferencei of the ailei of the adjoining wUjel, 
will comotanicate a (elocit; lix times greatet than their o — 
while the wheel d nmkea one levolulion the wheel e will m 
J Ihtrty-Bii, and a two hundred and sixteen levolutionB. 

^9. ReTcnin^ the figure, and appljin^ the power at 8 «bi«h 
'Dommunicates with the circumference of the wheel a, it foUowitlnt 
« muat perform ail revolutions while b is perfoiming onAthiity-idi 
while c, and two hundred and sixteen whde d performs ode re*ola> 
lion. It will Ihna be peiceived that a rapid or a slow motion majr 
be comtnunicated b; Tarioue combinalioni of the wheel and axle. 

840. The uiusl way of tranamitUne the action of the axlea to tht 
adjoining wheels is bj means of teeth or coga, raised on their sui- 
faces. The cogs on the aurfikce of the wheels are geuerall; callnl 
teeth, and those on the surface of the aile are called leaves. Tfaa 
ude itself, when fumiebed with leaves, is called a^nnum. 

341. lUBMralion. Fig. 
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Mi. Wbeeki ue MNiiefiiiiei tamed b^ band#, «■ in Fifare 35; 
and the motion eotomnnicated may be direct or ^^ at. 

umeia t i, by attaiehin|f the bead, as represented 
is Fkra. 35 and 36. When the wheel and the 
axie trom whi<^ it leceiTes motion are intended 
to veroiTe in the same direction, the strap is not 
crossed, but is applied as itt Fi^. 35. But when Wl§, WL 

the wheel is to reTolve in a direction contrary 
to the revolution a( the axle, the strap is cross- 
ed, as in Fig. 36. 

243. Different directions may be giyen to the motfon prodnoed 
Fig. 37. Fig. at- 






by wheels, by varying the position of their axles, and causing them 
to revolve in diflferent planes, as in Fig. 37 ; or by altering the shapt 
and position of the teeth or cogs, as in Fig. 38. 

244. It remains to be observed that the wheel and 
axle are constructed on the same principle with the 
lever. The axle acts the part of the shorter arm of the 
lever, the wheel that of the longer arm. 

245. The capstan, on board of ships and other vessels, is con- 
structed on the principle of the wheel and axle, it consists of an 
axle placed uprightly, with a head or drum, pierced with holes for 
the lever, or levers, which supply the place of the wheel. 

246. Windmills, lathes, the common windlass, used for drawing 
water from wells, and the large wheels in mills are all constructed 
on the principle of the wheel and axle. > ^ 

247. Wheels are a very essential part to most machines ; they ave 
applied in different ways, but when affixed to the axle their me- 
chanical power is always in the same proportion ; that is, as the 
circumference of the wHeel exceeds that of the axle, so much wiU 

242. By what are wheeb sometimes turned f What figure repreaeata one f 
la what way can the motion be made direct or reveraed i What does Fig. SS 
rapresent ? Fig. 96 i 243. In what way can diflRarent dtrectiona be given to 
tks motion produced by wheels { What does Fig. 37 represosit ? Fig. 38 f 
S44. Upon what principle are the wheel and axle constructed f Explain how. 
M&. Upoa what principle is the capstan' on board of vessels constructed f Of 
wlMt does it ccmsist? 246. Wlwt other things are mentioned as constructed 
190D this principle f 247. Are wheels an essential part to most machines ? 
Ass disy applied in more than one way i When they are affixed to the axl% 
ii-wkat prayercisa is the power inoresaed f 
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die power be increased. Therefore the larger the wheel and tie 
smaller the axle, the greater ^ill be the power obtained. 

848. Flj wheels are heavy wheels used to accuoialate power aai* 
distribute it equally among all the parts of a machine. They art'' 
caused to revolve by a force applied to the axle ; atid when opee' 
set in motion continue by their inertia to move for a long time. 
As their motion is steady and without sodden jerks, they serve to 
steady the power, and cause a machine to work with regularity. 

249. Cranks are sometimes connected with the axle of a wlieel|' 
either to ^ive or to receive its motion. They are made by bendiftf 
the axle m such a manner as to form four right ^* 39. 
angles facing in different directions, as is repre- 
sented in Fig. 39. This is seen in lathes and many 
other kinds of machinery. Cranks are often used 
to change the motion fimn rectilinear to circular, ^ 
or from circular to rectilinear. 

250. The inclined plane consists of a plain surface 
inclined to the horizon. 

« 

251. [ilustration. Fig. 40 represents an inclined plane. C A its 
height, C B its length, and W a weight which is to be moved on 
it. The advantage grained by the use of . Fig. 40. 

the inclined plane is in proportion as the ,^ ^^ 

length of tiifi plane exceeds its perpen- ^L^^^^ 

dicular height. Thus, in this figure, if ^ I 

the length C B be four times the height B a^^"^ lA . 

C A, then a power of one pound will balance a weight of four 
pounds on the inclined plane. 

252. The greater the inclination of the plane, the greater must be 
its perpendicular height, compared with its length, and, of course, 
the greater must be the power to elevate a weiffEt idong its surface. 

2^. Instances of the application of the inclined plane are very 
common. Sloping planks or pieces of timber leading into a cellar, 
and on which casks are rolled up and down ; a plank or board with 
one end elevated on a step, for the convenience of trundling wheel- 
barrows, or rolling barrels into a store, &c., are inclined planes. 

254. The advantage guned by the use of the inclined plane, like 
that of the other mechanical powers, is attended by4i loss of time} 
for the weight, instead of moving directly up the ascent, must move 
the whole length of the plane. 

255. Chisels and other cutting instruments, which are chamfered 
or sloped only on one side, are constructed on the principle of the 
inclined plane. 

^ 248. What are fly wheels, and fbr what are they ased ? How are they msds 
rto revolve i When once set in motion, what causes them to move on fbr some 
time .' Of what service are they in a machine ? 249. For what are cranks, 
sometimes, connected with the axle of a wheel i How are they made .' What 
does Fig. 39 represent f For what are cranlcs often used f 2S0. What is aa 
inclined plane f What figure represents an inclined plane i Explain the flffors. 
To whnt is the advantage gained by the use of the inclined plane in proportion # 
252. What follows fVom the greater or less inclination of the plane i 253. Gift 
some instances of the application of the inclined plane. 254. Is any time 
gained by the use of the inclined plane ? Upon what principle are chisels and 
other cutting instruments, which are sloped only on one side, conaamcied f 
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266. The wedge consiits of two inclined f^anes unit- 
ed at their bases. 

257. lUustration. Fiff. 41 represents a wedge. The p|^ ^ 
tine a b xepreaents the Ease of each of the inclined planes 

of which it IS composed, and at which ther are united. 

258. The advantage rained by the wedge is io propor- 
tion as its kngth exceeds one half its width. 

The wedge is a very important mechanical power, used 
to split rocks, timber, &c., which coald not be effected by 
any other power. ^ 

259. Axes, hatchets, knives, and all other cutting instrumenti 
cham^red, or sloped on both sides, are constructed on the principle 
of the wedge. 

260. The screw consists of an inclined plane, wound 
round a cylinder. It b generally composed of two 
parts, the screw and the nut ; or, as they are generally 
called, the convex and concave screw. 

261. Illustration, Fig. 42 represents the sdlew and the nut 8 
is the convex screw, (wliich is an inclined plsoe 
wound round a cylinder,) A* is the nut, or concafe 
screw, which has a spiral groove, to which tba 
thread of the convex screw is aecuratelv fitted. L 
is a lever attached to the not. to which Ae power b 
applied. By turning the lever Fig. 4S. 
in one direction the nut ascends, I< 
and by turning it in the opposite 
direction, the nut descends on the 

screw.* In this figure the screw is fixed, and 
the nut is movable. 

262. Fig. 43 represents another screw, which 
is movable. The nut is fixed to the frame, and the 
screw ascends or descends as the lever L is turned. 

* Although the acrew it mentioned tm one of the six mechanical powOTs, It is^ 
IB reality, a compound power, consieting of a lerer and an incUned plane. Ths 
^wer (k the screw in estimated bv the distance of the threads. The closer the 
direada the greater is the power', but here, again, the increase of powtf to iin^ 
cured by an increase of Telocity, or a loss of time. For if the threads oe a 
quarter of an inch apart, the power must moTe through the whole circumfer- 
ence of the circle described by the lever, in order to move the resistance a ouar- 
ter of an inch. The screw, with its appendage the lever, is there^re useo Ibr 
the purpose of moving larve or heavy bodies through small distances. lis power 
may be Increased by lengtoening the lever. The screw is applied to presses of 
all kinds where great power is required, such as book-binders* presses, eider and 
wine presses, Ac 

28B. Of what does the wedge consist f 257. What does Fig. 41 represent f 
16%. To what is the advantage gained by the wedge in proportion f Of vHurt 
ase is the wedge f Give some examples of the wedge. 260. Of what does fhs 
screw eoaslst t Of how many parts is it generally composed ? What are 
dieyf 281. What figure represents the screw and the nut? Explain fhs 
Hgme, How does Fig. 43 diflfer (torn the 42d f Note. Is the screw a simple er 
eosBpoond power i How is the power of the screw estimated f How does fhs 
tioaeneas of the thread aflhct flie power i What la the use of the screw ? 
Bow eaa tu power be increased f To what is tlie lersw applied f 
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263. All machines, instroments, implementi, &c., are eorapoMd 
of one or more of the mechanical powara* 

2(54. By friction in machinery is meant the resutan^e wUok 
bodies meet with in nibbing a|rain8t each other. 

2e>5. There are two kinds of friction, the rolling and the 8lidiog^ 
The rolling friction is caused by the rolling ora circular bqdf. 
The sliding friction is produced by the sliding or dc^gii^ otA 
flat surface. The sliding friction is overcome with more dimctflty 
tiian the rolling. In calculating the power of a machine, an allow- 
ance must always be made for friction. It is usually computed 
that friction destroys one third of the power of a machine.t 

2G6. Friction is caused by the ui|ovenness of the surface* which 
oome into contact ;t and it is diminished in proportion as the sor* 
fiu^s are smooth and well polished. Oil, grease, black lead, or 
powdered soap-stone, is used to lessen friction, because they act as 
a polish by filling up the cavities of the rub'bing surfaces, and thas 
making them slide more easily over each other. 

• 

* From what has been stated with regard to the mechanical powers, it a^ 
pean that by their aid' a man is enabled to perform works to which his un- 
assisted aalurai strength is wliolly Inadequate. But the power of all machinei 
is limited by the strength of the materials of which they are composed. Iron, 

8hich is the strongelt of all substances, will not resist a strain l>eyond a oef tain 
nit. * Its cohesive attraction may be destroyed, and it can withstand no re* 
sistance which is stronger than its cohesive attraction. Besides the strength 
of the materials, it is necessary, also, to consider the time which is expended is 
the application of mechanical assisunce. Archimedes is said to hare boasted 
to Hiero, king of Syracuse, that, if he would give him a place to stand upon, he 
would move the whole world. In order to do this, Archimedes must himself 
have moved over as much more space than he moved the world, as the weight 
of the world exceeded his own weight; and it has been computed that he most 
have moved with the velocity of a cannon ball for a million of years, in order to 
move the earth the twenty-seven millionth part of an inch. 

t The smallest impediment firom friction is when finely-polished iron is maili 
to rubjon bell metal ; but even these are said to lose about one eighth of their 
moving power. As the friction between rolling bodies is much less than In 
those that drag, the axle of large wheels is sometimes made to move on email 
wheels or rollers. These are called friction wheels, or flriction rollers. They 
turn round their own centre as the wheel continues its motion. 

X All bodies, how well soever they may be polished, have inequalities in 
their surfaces, which may be perceived by a microscope. When, therefore, tile 
surfaces of two bodies come into contact, jlhe prominent parts of the one win 
often foil into the hollow parts of the other, and cause more or leas resistance 
to motion. 

S6S. Of MThat are all machines, instruments, implements, &e., eoMposed f 
What aid is affbrded to man by the use of the mechanical powers f By i^9i 
is the power of all machines limited ! Can the cohesive attraction oT iron be 
destroye«J f Can it withstand any resistance stronger than iu cohesive attrac- 
tion f What besides the strength of the material, is necessary to be considered f 
What is related of Archimedes? llo^ could Archimedes have done this? 
264. What is meant by flriction iir machinery ? 265. How many kinds of frio* 
tion are there ? What are they ? How is the rolling friction produced ? Tlia 
sliding? Which is overcome with the less difficulty, the rolling or sliding? 
What allowance must always be made, in calculating the power of a machine? 
What proportion of the power is usually computed to be destroyed by flriction.' 
Where is there the least friction? Between which is fViction the less, rollisg 
bodies, or those that slide? 266. What causae fridioa? In what proportiSB 
Is It diminished ? In what manner can it be. lessen^ ? 
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f 

ff67. Wheels are uatd on vehicles to dininish the friction of the 
road. The larger the circumference of the wheel, the more xeadilj 
j^ will overcome any obstacles, sach as stones, or inequalities in the 

load* 

268. The motion of all bodies is influenced by the 
ipedium't' in which they move. By a medium is meant 
4he substance or fluid which surrounds the body. 

Thus, air is the medium which surrounds a bird when flying; 
water is the medium which surrounds the fish when swim- 
ming, &c. 

269. The resistadce of « medium is in exact propor- 
tion to its density. 

A body falling through the air meets with less resistance than 
wlien' falling through water, because water is a denser medium 
than air. If a machine could be worked in vacuo , (that is, in a 
vacuum, or a space where there is neither air nor any thing else to 
impede it,) and without friction, it would be perfect. 

270. The main-spring of a watch (see No. 202) consists of a long 
ribbon of steel, closely coiled, and contained in a round bojb It is 
employed instead of a weight, to keep up the motion. 

'Z7\. As the spring, when closely coiled, exerts a stronger forca 
than when it i^ parUj^ loosened, in order to correct this inequality, 
the c;|^in througn which it acts is wound upon an axis surrounded 
by a spiral groove, (called a/iuee,) gradually increasing in diameter 
firom the top to the bottom ; so that, in proportion as the strength 
of the-spring is diminished, it may act on a larger lever, or a larger 
wheel and axis. pi, ^ A 

272. lUvstratum. Fig. 44 
represents a spring coiled 
in a round box. A B is 
the fusee, surrounded by a 
spiral ^oove, on which the 
cnain C is wound. When 
the watch is recently 
wound, the spring is in the 

• In descending a steep hill, the wheels of a carriage are often locked^ (as it 
is called,) that is, fastened in such a manner as to prevent their turning; and 
thus the rolling is converted into the sliding tKction, and the vehicle descends 
more safely. 

Castors are put on the legs of tables and other articles of Hirnlture, to facil- 
itate the moving of them ; and thus the sliding is converted into the rollinf 
fkiction. 

t The plural of this word is media, 

261. What is the use of wheels i In what proportion do they overcome the 
obstacles, such as stones, dec, in the road f Why, in descending a steep hill, are 
the wheels of a carriage often loclced ? How do castors, which are put upon 
fiiniiture, fhcilitate the moving of it f 268. How is the motion of all bodies 
influenced i What is meant i)y a medium i 269. To what is the resistance 
of a medium in proportion f What illustration is given ? When would a ma 
cihine be perfect i 270. Of what does the main-spring of a watch consiHt f 
What is its use i Does the spring exert a stronger force when closely coiled, 
or when partly loosened ? What Is done in ordw to correct this inequality r 
tl3. What does Fig. 44 represent ? Explain. 
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^alMt ftate of tendon, and will, theiefore, torn the ftMee bj te 
smallest groove, on the principle of the wheel and axle. As ths 
spring loses its force bj beinf partly unwound, it acta vpoa ths 
larger circles of the fusee ; ana the want of strength in the spring ii 
oompensated by the mechanical aid of a larger wheel and ails ia 
the larger grooTes. By this means the spring is made at all tioM 
to exert an equal power npim the fiisee. The motion la eomimmi' 
eatpd from the fusee by a cogged wheel which turns with the ftuM. 

273. The name of governor has been given to an ingenious pieei 
of mechanism, which is used to reguUle the aopply of ateam la 
iteam-engines, and of water in water-mills. 

274. lUustration. Fig. 45 represents 
a goTemor. A B ana A C are two 
levers or arms, loaded with heavy balls 
at their extremities, B and C, and sus- 
pended by a joint at A upon the ex- 
tremity of a reTolying shaft, A D. At 
A is a collar, or sliding box, connected 
with the levers by the rods b a and e a, 
with ioints at their extremities. When 
the shaft A D revolves rapidly, the 
ball;) B and C will diverge, or fly 
off, and cause the rods b a and c a to 
vaise the collar or sliding-box. On the 
contrary, when the shaft A D revolves 
slowly, the weights B and G will fall 
by their own weight, and the rods b a 
and e a will cause the collar a to de- 
scend. The steam- valve in a steam-engine, or the sluice-gate €i% 
water-wheel, being connected with the collar a, the supply of steam 
or water, which puts the works in motion, is thus regulated.* 

275. The knee-joint, or, as it is sometimes called, Ste to^gie-yMi 
consists of two rods or bars connected by a joint, snd increasiBg 
rapidly in power as the two rods approach to the direcUon of a 
straight line. 

276. lUustration. Fig. 46 represents a toggle- 
joint. A C and B C are the two rods connected 
Dy a joint C. A moving force applied in the 
direction C D acts with great and constantly 
increasing power to separate the parts A and B. 

The operation of the toffgle-joint is seen in the 
iron joints which are used to uphold the tops of 
chaises. It is also used in various kinds of print- 
ing-presses, to obtain the greatest power at the moment of imprre- 
aion. 
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* In niannfkctnres, there te one certain and determinate yelocity witli wUdl 
die machinery efaonld be moved, and which, if increased or diminished. 



773. What ia a governor? Explain Fig. 45. What is said in the note oftlis 
nf the govenior f 275. Of what does the linee-Joiut, or toggle-joint, consist f 
In what proportion does it increase in power i 276. What does Fi(. 46 rep- 
resent f Explain the figure. Give an instance of the operation of the 
Joint. What ia its use in printing-presses i 
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• SECTION IX. 

Hydr08t&tic8, 

277. Hydrostatics treats of the nature, gravity, and 
pressure of fluids . ( See JVb . 6 . ) 

278. A fluid is a substance which yields to the slight- 
est pressure, and the partfcles of which, having but a 
slight degree of cohesion, move easily among them- 
selves. {See M), 20.) 

279. A liquid differs from a fluid in its degree of com- 
pressibility* and elasticity. {See JVumbers 67 and 70.) 

280. Fluids gravitate in a more perfect manner than solids, be- 
cause the strong cohesion of the particles of solid bodies in some 
measure counteracts the effects of gravity. 

281. From the slight degree of cohesion in the particles of fluids, 
it is inferred that they must be small, smooth and globular; smooth, 
because there appears to be no friction anicmg them ; and globular, 
because their touching each other but by a point will account for 
the slightness of their cohesion 

232. Fluids cannot be formed into figures, or preserved in heaps 
on account of their want of cohesion.t 

render the machine unfit to perform the tvork it \a designed to execute. Now, 
it (\requently happens that the resistance is increased or diminished by some* 
of the machines which are worlied, being stopped, or others put on. The 
moving power, having this alteration in the resistance, would impart a greater 
or less velocity to the machinery, were it not for the regulating power of the 
governor, which increases or diminishes the supply of water or of sfBam, which 
to the moving power. 

* The experiments (mentioned |n No. 29) made nt Florence, many years ago, 
■eem to prove that some kinds of liquids, water, for instance, is wholly in- 
compressible.' Later experiments, particularly those of Mr. Jacob Perkins, of 
Newburyport (now in London), have proved that water is capable of a consid- 
erable degree of compression. Fluids, in general, have a voluntary tendency 
to expand (5e« No, 77) when at liberty; but liquids will not expand withuat a 
change of temperature. Heat is supposed to be the primary cause of the fluid 
form of bodies. (See No. 70.) It insinuates itself between the particles of 
bodies, and forces them asunder. Thus, for instance, ice, witi^ut heat, is a 
solid ; with heat it becomes water, and, with a greater d^ree of heat, it ex 
pands into an elastic fluid, called »team. 

t Although fluids have but a slight . jdegree of coheHve attraction, they are 

277. Of what does Hydrostatics treat ? 278. What is a fluid f Does the 
attraction of cohesion have much influence on the particles of fluids f What 
follows flrom this ? 279. How do fluids and liquids differ from each other ? 
Can water be compressed ? What is supposed to be the primary cause of the 
fluid form of bodies f What effect has heat upon bodies f What illustration is 
given f 280. Why do fluids gravitate in a more perfect manner than solids i 
S81. What is inferred (Vom the slight degree of cohesion in the particles 
of flnidft f Why smooth ? Why globular f 282. Why cannot fluids be fonnad 
tato flgnres, or preserved in heaps f 

5 
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S83. By the level or equiHbrinni of fluids is meant tbat 
every part of the surface is equally distaat from the centre 
of the earth ; that is, from the pokit to which gravity tends. 

Illustration. All fluids hate a len-i^ nc^ to preserve this eqoi- ■ 
llbrium. Hence the surface of alt floids, when m a itate of rest 
must partake of the spherical form of the earth. Tbi» level or 
equilibrium of fluids is the natural result of the independent gnn- 
tation of oacii particle. Tlie particles of a solid body beinjjr united 
by cohesive attraction, if any one of them be supported, it will up- 
hold those also witli which it is united But when any particle of » 
flivid is unsupported, it is attracted down to the level df the sorfaee 
of the fluids and Uie readiness with which fluids y'ltld to liM 
slightest pressure will enable the particle, by its own wei^t, Uf 
penetrate the surface of the fluid and mix with it 

284. Fluids of diflTorent densities all preserve their 
own equilibrium. 

285. Illustration. If a quantity of mercury, water, oil, and air, 
be put into the same vessel, they will arrange themselves in the 
order of their specific gravities. {SmJ^o. 100.) The mercury will 
Mnk to the bottom, the water will stand above tbe mercury, the oil 
above the water, and the air above the oil ; and the upper and un- 
affected by a force called capillary attr.iction, by which they are^ rained ahovs 

Iheir levels in capillary tnbefl, or tubes the bores of which are exeeedhigly _ 
■mall. Thus, if a saiall glass tube be plHce<l in water, the water on the Inside'" 
will rise above the IcTel of that on the outside of the tube. The cause of this 
seems to be nothing more than the ordinary attr:tciion of the particles of matter 
for each other. The sides of a small orifice arc so near to each other as to 
-attract tbe particles of the fluid on their opposite sides ; and as all sittraction is 
strongest in the direction of the greiitest quantity of matter, the water is raised 
upwards, or in the direction of the length of the tube. Ou the outside of the 
tube, the opposite surfaces cannot act on the t<anic column uf water, and there- 
fore the inflluenre of attraction is here hardly perceptible in raising the llnM. 

AH porous substances, such as sponge, bread, linen, sugar, dtc, may be coiw 
sidered as cutlectious of capillary tubes; and, for this reason, water and other 
liquids will rise In them, when they are partly Uumersed. 

It is on the sans prineiple that the wick of a lamp will carry up the oil to 
supply the flame, although the flame is several inches above the level of the oil. 
If the end of a towel happen to be leA in a basin of water, it will empty the 
basin of its contents. And, ou the same principle when a dry wedge of wood is 
driven into the crevice of a rock, and afterwarils moistened with water, as 
when the rain falls upon it, it will absorb the water, swell, and aometimes split 
tbe rock. In this manner, mill stone quarries are worked in Geroiany. 

A beautiful Acperinieut, dependent ou the same principle of capillary attrac- 
tion, may be thus performed. Take two pieces of flat glass, Joined together at 
one side, and separated at the other by a thin strip of wood/card, or other sub- 
stance. When thus prepared, immerse thegla»s in colored water, having previ 
ously wet the inner surface. The water will then rise between the pieces of 
glass, forming a beautiAil curve, the higher part appearing where the pieces of 
glass are in contact. 

383 What is meant by the level or equilibrium of fluids f Have all llnhfs 
a tendency to preserve this equilfl>rium f What follows from this? Of what 
Is this level or equilibrium of fliiids the natural result f llow does the gmvi 
latiou of solid bodies diffbr n-om that of fluids ? 284. Do fluids of diflbitot 
densities all preserve their own equilibrium f What IHusiration ia given lo 
prove this 
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der uirfaeet of each fluid will partike of the splierical furm of the 
earthy to which they all respectively gravity. 

286. A water-level is an iostrumenl constructed on 
the principle of the equiKbrium of fluids. It consists of 
a glass tube, partly filled with water, and closed at both 
ends. When the tube is not perfectly horizontal, — 
that is, if one end of the tube be lower than the other, — 
the water will run to the lower end. By this means the 
level of anj situation to which the instrument is applied 
may be ascertained. 

287. JUustratum, Fig. 47 represents a wa- 9^- 47. 
•ler-]«vel. A B is aelass tube partly filled with ^ ^ ° 

water. C is a bubble of air occupying the d -^-^^— / ba 
^Moe Bot filled by the water. When both 
ends of the tabe are on a level, the air bubble will remain in the 
centre of the tube ; but if either end of the tube be depressed, the 
water will descend and the air bubble will rise. The glass tube 
when used is generally set in a wooden or brass box. It is an ia- 
•trument much used by carpenters, masons, surveyors, &c 

288. Solid bodies, therefore, gravitate in masses,-^ 

their parts being so connected as to form a whole, their 

weight is concentrated in a single point called the centre 

of gravity ; (seeJ^To. 164;) while every particle of a fluid 

may be considered as a separate mass, gravitating iiide- 

peodently of each other. 

It is ibr this reason that a body of w^ter, in fiillin^, does less in- 
jury than a solid body of the same weight. But if the water b^ 
converted into ico, the particles losing their fluid ibrm, and being 
* onited by cohesive attraction , gravitate unitedly in one rilass. 

289. Fluids not only press downwards like solids, but 
also upwards, sidewajfs, * and in every direction. So 
long as the equality of pressure is undistarbed, every 

* irttae parflclm of floids were arranged in reg- 
vfaur coliimna as in Fig. 4% there would be no Fig. 48. 

Isfero/ preaaure ; for wkien one particle ia perpen- /-v^-v^V^ Fig. 4S. 

dlcalarly above the other, It^can press only doum- ' » ▼ » ' 



«p«rdt. But if the pafliclea be arranged as in Fig. fTYYi X^ 

4$i where a particle preasea between two particlea • V^-^S^S-K (Y^ 
b cn aa lh , these la#BHU8t suflbr a lateral pressure. fYilJ vA^ 



pressure. 
In whateTer manner the particles are arranged , IT 
fliey be globular, as is anppeaed, there must be 
Sftaoce heCweeo them. See Fig. laC, page S. 



IT pop what principle is a water-level constructed f (k wfeat does It eon- 

siat f For what is it used ? 287. What figure represents a water4eve] f Ei- 

pU^ the figure. SMw In what mamier do solid bodies gravitate f What is the 

CMtre of gravity ? What eflTect baa gravity on the particlea pf Suids f How 

^ tag wn file particles of fluids reraain at reati K3U>^d ^^ ^^' ^bai doss 
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particle will remain at rest. If the fluid be disturbed by 
agitating it, the equality of pressure will be disturbed, 
and the fluid will not rest until the equilibriam is re- 
stored. 

290. lUustrati/m. The downward pressure of fluids ii shown:. by 
making an aperture in the bottom of a yessel of water. Every pw* 
tide of the fluid above the aperture will run downwards throogh 
the opening. 

291. The lateral pressure is shown by making the aperture at the 
side of the vessel. The fluid will then escape through the apertnre 
at the side. 

292. The upward pressure is shown by taking a glass tube, ofMsn 
at both ends, putting a cork into one end, (or stop^ng it op with 
the finger,) and immersing the other in the water. The water wiU 
not rise in the tube. But the moment that the cork is taken out 
(or the finger is removed,) the fluid will rise in the tube to a lefM 
with the surrounding water. 

293. The pressure of a fluid is in proportion to the 
perpendicular distance from the surface ; that is, the 
deeper the fluid the greater will be the pressure. This 
pressure is exerted in every direction, so that all the 
parts at the same depth press each other with equal 
force. 

294. Illustrations. A bladder, filled with air, being immersed in 
water, will be contracted in size, on account of the pressure of the 
water in all directions ; an4 the deeper it is immersed the mor^ wUl 
it be contracted. 

295. An en^ty bottle, being corked, and by means of a wei^ribt 
let dowtt to a certain depth in the sea, will either be broken by the 
pressure, or the cork will be driven into it, and the bottle be filled 
with water. This will take place even if the cork be fastened with 
wire and sealed. But a bottle filled with water, or any other Uquid, 
may be let down to any depth without damage, because, in this 
case, the internal pressure is equal to the external.* 

* '* Experimenta at sea. — We are indebted to a fViend, who has Just arrtrsd 
(t'om Europe, says the Baltimore Gazette, for the following experimenta mads 
on board the Qharlemagne : 

"26th of September, 1836, the weather being calm, I^ corked an emptj wins 
bottle, and tied a piece of linen over the cork } I then sank it into the seitdz 
hundred feet ; when drawn immediately up again, the cork was inside, the ham 
reSMined as it was placed, and the bottle was filled with water. 

" I next made a noose of strong twine around the bottom of the cork, whiea I 
forced into the ^mpty bottle, lashed the twine securely to the neck of the botllSi 

290. How is the downward pressure of fluids shown ? The lateral pressure f 
The npward pressure ? 293. To what is the pressure of a fluid in prQportion f 
In what direction is this pressure exerted t What illustrations are given to 
prove this ? Why can a bottle, filled with water, or any other liquid, be let 
down 10 any depth without injury ? What experiment is mentioned i^ tllO* 
note ? 
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986. Prom vh4l has now been stated, it appeam that the lateral 
pwwiuc pvooecdt entirelj from the preasoft downwarda, or, in othet 
vorda, mm the weight of the liquid above ; and that eooaeqaently 
the lower an orifice is made in ■ a vessel containing water or anj 
other li<|aid, the greater will be the force and velocity with which 
Ibe liqaid will rush oat. 

397. lUaatratian. Fig; 50 represents a ves- If. 50. 

•el of water, with orifice at the side at differ- 
mti distances from the sorface. The di^rent 
OBTves in Uiat figure, describing the coarse of 
the liquid In running out of tlw vessel, show 
Ike force of the pressure on the liquid at dif- 
ferent depths. At A the pressure is the least, 
because there is less weight of fluid above it. /""X 
A% B and C the fluid is driven downwards bv 
ik9 weight of that portion above, and it will be strongest at C. 

298. As the lateral pressure arises solely from the downward 
pressure, it is not afiected by the width or the lenorth of the vessel 
M whioh it is contained, but merely by its depth ; tit as every par- 
tiole acts mdependently of the rest, it is only the column of particles 
immediately above the orifice that can weigh upon and press out 
4lie water. 

299. The lateral pressure on one side of a cubical vessel will be 
oqual only to h|Uf or the pressure downwards ; for every particle at 
the bottom of the vessel is pressed upon by a column of the whole 
depth of the fluid, whilst the lateral pressure diminishes from the 
bottom upwards to the surface, where the particles have no pres- 
sore. 

300. The upward pressure of fluids, although appareittly in oppo- 
sition to the principles of gravity, is but a necessary consequence 
of the operation of that principle ; or, in other wordfs, the pressure 
upwards as well as the pressure doumwards is caused by gravity. 

301. lUustratian. When water is poured into a vessel with a 

and sank the bottle six hundred feet. Upon drawing it up immediately, the eoilt 
was foand inside, having forced its way by the twine, and in ao doing Iiail 
broken itself In two pieces ; the bottle was filled with water. 

**I then made a stopper of white pine, long enough to reach to the bottom of 
tbe bottle ; after forcing this stopper into the bottle, I cut it off about half an 
inch above the top of the bottle and drove two wedges, of the same wood, iuf « 
the stopper. I sank it 600 feet, and upon drawing it up immediately the stop- 
per remained as I placed it, and there was about a gill of water in the bottle, 
which remained unbroken. The water must have forced its way througli the 
pores of the wooden stopper, although wedged as aforesaid *, and had the bottle 
remained sank long enoiigh, there is no doubt that it would have been filled 
with water." 

It Is the opinion of some philosophers that the pressure at very great depths 
of the sea is so great that the water is condensed into a solid stale ; and that at 
or near the centre of the earth this pressure converts the whole into a solid 
■laas of fire. 

296. What causes the lateral pressure f What follows fV-om this ? Explain 
Vlf . 50. 298. Does the length or the width of the vessel in which it is con- 
tained .have any -effect upon the lateral pressure f Dy what is it affected ? 299l 
Bow does the lateral pressure on one side of a cubical Tessel compare with ths 
frassure downwards ? How would you explain this f 300. What causes tte 
upward and downward pressures f 

5* 
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Fig.£i. 




spout (Uke a tea-pot, for instance), the water rises in the spont to i 
level with that in the body of the vessel. The particles of water it 
the bottom of the vesBef are pressed upon by the particles above 
them, and to this pressure they will yield, if Uiere is any tnode of 
makine^ way for the particles above them. As they cannot desorad 
Uirough the bottom of the vessel they will 
change their direction and rise in the spout. 
Fiff. 51 represents a tea-pot, and the columns 
of balls represent the particles of water magni- 
fied. From an inspection of the figure it ap- 
pears that the particle numbered 1, at tha bot- 
tom, will be pressed laterally by the particle 
nuinberfd 2, and by this pressure forced into 
the spout, where n^eeting with the particle 3 it 
presses it upwards, and this pressure will be continued from 3 to 4, 
from 4 to 5, and so on till the water in the spout has risen to a leva 
with that in the body af the vessel. If water be poured into the 
spout the water will rise in the same manner in the body of the 
vessel ; from which it appears that the force of pressure depends 
entirely on the height, and not on the length or breadth of fSm 
column of fluid, as is stated in No. 298. 

302. The Hydrostatic Bellows, From what has now been stated 
-it appears that any quantity of fluid, however small, may be made 
to counterpoise or balance any quantity, however large. This is 
called the nydrostatical paradox, and it is shown by an instrument 
called the hydrostatical bellows. 

303. Fig. 52 represents the hydrostatic 
bellows. A B is a long tube, one inch 
square. C D £ F are the bellows, consist- 
ing of two boards, eight inches square, con- 
nected bv broad pieces of leather, or India 
rubber, cloth, in the manner of a pair of 
common bellows. By putting one pound 
of water in the tube, it will raise sixty-four 
pounds on the bellows.* The Hydrostatic 
•Bellows belonging to " the Boston Scho< 1 
set " are eight inches square, marked into 
sixty-four square inches, on the top, — or 
into sixteen squares of two inches each. 
There are two square tubes connected with 
the bellows, one of one inch and another of 
two inches in diameter, or a sixty-four and 
a sixteenth of the surface of the bellows. If . 
a pound of water be put into the larger tube, 



Fig. 53. 




* The fundamental principle or mechunics or the laws of motion is here 
-in lulJ force, namely, that what is gained in power is lost either in lime or ia 
k; Hce } for although one pound is here made to raise sixty-four pounds, It is to 



IlhiMrate this by Fig. 51. Upon what does the force of pre.s8ure depend f What 
iti m( ant by the hydrostatic paradox i What is the use of the hydrostatic bel- 
lows ? What Fig. represents the hydrostatic bellows .' Explain the Fig. What 
is the fundamental principle of mechnnics f Is this the principle of th« hydro- 
itattc bellows .' 
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mUeta pomida Inay be niwd on the bellow*; bntif It ba pat IdIo 
the ■aufler tube it will raiae (iity-foor poiiada. 

304. Whni the bellowi U&n been filled with mlcr, tarn the 
■topcnek ; take oat the tube uid lub^lule the ftnigbt jet, (Sm 
Fif. 72,) «nd the water will be forced out to a heiBnt ne4rlif ■> 
great aa that of the waler in the tube. Weie it not Tor the RWl- 
ance of the sir it would rice to Ihe nme heighL 

305. If water be confined in any venel, and a P<^'~ 
sure to any amouat be exerted on a square inch of that 
water, a prea&ure to an equal amount will be transmit- 
ted to every square inch of the aurface of the resael in 
which the water is confined." 

306. lOnMratum. 



in tkia principle that 
kmah'i bydroatstic prew, 
lepresenleif in Fi^. 53, 



«(.«. 




eoDBtiQcted. A large aolid „ 
plug or pillon, A B, ia con- ^ 
Blmcled ao 

CD.' 'fhe a 
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507. A fluid specifically lighter than another fluid 
will float upon its surface.* 

508. A body specifically lighter than a fluid will nnk 

ip the fluid until it has displaced a portion of the fluid 

equal in weight to itself. 

909. iUustratUm, If a piece of eork is placed in a f ta m U of 
water, about one Uiird part of the oork will aink below, and ths ra- 
nnuuier wiU stand above the surface of the water ; therebj diaDlie- 
ing a portion of water equal in bulk to about a third part ox tito 
em, and this quantity of water is equal in weight to the whole of 
the oork ; because the specific sraTitv (See JAt. IW)) of water is abool 
three times as great as that orcork-T 

310. The standard which has been adopted to esti- 
mate the specific gravity (See J>ro. 100) of substances a 
general, is rain or distillea water. 

311. Explanation. As heat expands and cold condenses ill 
aetels, their specific gravity cannot be the same in summer that it 
is in winter. For this reason the v will not serve as a standard to 
estunate the specific gravity of other bodies. The reason that itt^ 
tiUtd water is used is, that spring, well, or river water is seMom 
perfectly pure ; and the various substances mixed with it nfBsci its 
weight. Taking, therefore, a certain quantity of rain or distilled 
water, we fimd mat a quantity of gold, eqiuU tn bulk to the water, 
will weigh nearly twenty times as much as the water ; of lead, 
nearly twelve times as much; while oil, spirit, cork, Ac, win 
weigh less than the water. t 



<engi]ie itaelf is eoMtrueted. It alto enable* us with great fkcillty to trai 
tke roocion and force of one machine to another, in cases where local drooB- 
stanoes preclude the possibility or instituting any ordinary mechanical con- 
nexion between the two machines. Thas, merely by means of water-pipes, 
tiie force of a machine may be transmitted tu any distance, and oyer inequali- 
ties of ground, or through any other obstructions. 

* The slaTes in the West Indies, it is said, steal rum by inserting the Umg 
neck of a bottle, ftUl of water, through the top aperture of the mm cask. Ths 
water Alls out of the bottle into tLe cask, while the lighter rum ascends in ill 
stead. 

t It is on the same principle that boats, ships, &c. although composed of ma- 
terials heaTler than water, are made to float. From their peculiar shape thsf 
are naUe to set lightly on the water. The extent of the surface presented ts 
the water counterbalances the weight of the materials, and the vessel sinklC^ 
soch a depth as will cause it to displace a portion of water equal In weight ts 
the whole weight of the Tessel. From a knowledge of the speciflc gravity of 
water, and the materials of which a vessel is composed, rules have b^n formsd 
by which to estimate the tonnage of vessels — that is to say, the weight whUk 
tj^e vessel will sustain without sinking. 
"^t The following table shows the speciflo gravity of the substances therris 

307. When will one fluid float upon another i 808. What is stated with i^ 
fsrd to a body specifically lighter than a fluid i What illustration of this Is 
given ? How do the speciflc gravities of water and cork compare with endk 
other f Upon what principle is ii that boats, ships, dec. are mode to float apoa 
t|ie water r What rules have been formed from the knowledge of the specifle 
gravity of water and the materialn of wtiich vessels are composed.'* 310. What 
■tandard has been adopted to estimate the speciflc gravity of substances in gen^ 
sal I Why could not metals have been adopted f Why is distilled water aasA? 
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S13. The specific gravity of bodies that will sink in 
water is ascertafhed by weighing them first in water, 
and then out of the water, and dividing the weight out 
of the water by the loss of weight in water. 



Pif . 64. 



313. Fig. 54 represents the scales for 
ascertaining the specific gravity of bodies. 
One scale is shorter tiian the other, and a 
hook 18 attached lo the bottom of the scale 
to which substances, whose specific gravi- 
ty is sought, may be attachea and sunk in 
water. 

814. Illustration. Suppose a cubic inch 
of gold weighs 19 ounces when weighed 
out of the water, and but 18 ounces* when 
weighed in water — the loss in water is 
one ounce. The weight out of water, 19 ounces, being divided by 
'^e (the loss in waten gives 19. The specific gravity of gold,theiiy 
would-be 19, or, in otner words, gold is nineteen times heavier tbtB 
water. 

mentioned. It is to be tmdentood that all substances whose specific gravity Is 
greater than water, will sink when immersed in It, and that all whose spedfle 
gravity is less than that of water, will float In it. Let us then take a quantity 
of water which will weiah exactly one pound ; a quantity of the substances 
specified in the table, of tne same bulk, will weigh as follows : 




Platinum, 


23. DO 


unds. 


Fine Gold, 19.640' 




Mercury, 


14.019 




Lead, 


11.525 




Silver, . 


11.091 




OoppiBr, 


9.000 




Iras, 


7.645 




Marble, 


2.705 




Glass, 


3.000 





Chalk, 

Coal, 1.250 

Mahogany, 1.063 
Milk, 1.034 

Boxwood, 1.030 
Rain water, 1.000 
Oil, .920 



1.793 pounds, 
t 



t 

t 
t 
t 

i 



Living men, .891 pounds. 
Ash, .800 

Beach, .700 

Elm, .600 

Fir, .500 

Cork, 240 

Common Air, .0011 
^y drogen gas, .000105 < 



Ice, .908 

Brandy, .820 

A cubic foot of water weighs one thousand avoirdupois ounces. By multi- 
plying the number opposite to any article in the above table by one thousand, 
we obtain the weight of al^ubic foot of that article, in ounces. Thus a cubic 
Ibot of platlmm is 23000 ounces in weight. 

In the above table it appears that the specific gravity of living men is abont 
one nlntMess than that of common water. So long, therefore, as the lungs can 
be kept teee firom water, a person, although unacquainted with the art of swim- 

€ing, vHll not completely sink, provided the hands and arms btf kept under t|ie 
aten 

The specific gravity of sea water is greater than that of the water of lakes 
'mA rivers, on account of the salt contained in it. On this account the water of 
fokes and rivers has less buoyancy, and it is more difflcult to swim in It. 

* Gold will weigh less in- the water than out of it, on account of the upward 
pressare of tha particles of water, which ii\ some msasure supports the gold, 



.What bodies will sink when immersed In water f What will float f What 
is the weight of a cubic foot of water f What is the use of the above table? 
How does the specific gravity of living men compare with that of water f 
Which is the greaten, the specific gravity of sea water, or of lalies and rivers f 
Why f 312. How Is the specific gravity of bodies, that will sink in water, as- 
certained f What ilittstfation Is given f Explain Fig. 54. Why will gold 
waigh leas in the water than out of it .' How does this upward pressure of the 
partfflles compare with the downward pressure of a quantity of water of the 
Mwis dimeiisloiui ? What fbllows (bom this f 
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315. The specific gravity of a body that will not rink 
in water, is ascertained by dividing ks weight, by the 
aura of its weight, added to the loss of weight which it 
occasions in a heavy body previously balanced m 
water.* 

31G. lUustrmtion. If a body lighter than water weighs six ounoefl, 
and on bein^ attached to a heavy body, balanced in watei:, is foaod 
to occasion it to lose twelve ounces of its weight, its specific gravitj 
is determined by dividing its weight (six ounces]) by the sura of iti 
weight, added to the loss of weight it occasions in the heavy body, 
namely, six added to twelve, which, in other words, is 6 divided by 
18, or 6-18, which is] ^. 

317. An hydrometer is an instrument to ascertain the 
specific gravity of liquids. 

318. lUustratioru The hydrometer is coastracted on the princi- 
ple, that the greater the weight of a liquid, the greater will be iB 
oaovanoy. 

319. The hydrometer is made in a variety of forms, but it gen- 
eral consists of a hollow ball of silver, glass, or other material, with 

sad by so doing dimlnialiM its weifht. Now, as the upward pranore of tbsw 
paniclea la exactly aafflcle&t to balance the downward prewure of a quantity of 
water of exactly the name dimensiona with the gok^ it foUowa that the gold 
will loae exactly aa mieh of Ita weight in water, aa a quantity of water of the 
same dimeafelons with the gold will weigh. And thia rule appliea to all bodiea 
keavler than water, that are Immeraed in it. Tkep will lose as much ^f their 
weight m water as a quantity of water of their own dimensions weighs. All 
bodiea, therefore, of the same sixe, lose the aaoie quantity of their weight in '^^tr 
ter. Hence, the specific gravity of a body is the weight of a body, compared 
with that of water. As a body loses a quantity of its weight when immersed la- 
water, it foflows that when the body is lifted from the water, Uiat portion of Ita 
weight which it had lost will be restored. This is the reason that a bucket of 
water, drawn from a well, is heavier when it rises above the surfhce of th^ 
water In the well, than it is while it remains below the sur4u;e. For the same 
our Umba feel heavy in leaving a bath. 



* The method sf aacertaining the specific graviilvs of bodies waa discovered 
accidentally by Archimedes. He had been employed by tha king of Syracoaa 
to investigate the metals of a golden crown which he suspected bid beea aduW 
terated by the workmen. The philosopher labored at the problem in vaia, tip 

{oim one day into the bath, he perceived that the water rose In the bath lii 
roportluu to 4he bulk of his body. He instantly perceived that any other aab* 
stance of equal siae would raise the water Just aa much, though one of eqiuM 
weight and less bulk oould not produce the same effect. He then obtained two 
ipasaes, one of gold and one of silver, each equal la weight to the crown, lid 
having filled a veaael vary accurately with water, he firaf phinged the ailver 
maaa into It, and observed the quantity of water that flowed over ; he then did 
the aame with the gold, and found that a leas quantity had paased over than be- 
fore. Hence he inflBrred that, thsogh of equal weight, the bulk of the ailvar 

■ 

What rule la given with regard to all bodiea heavier than water that are IR^ 
mersed in it P What is the specific gravity of a body f What is the reaao|p 
that a bucket of water, drawn from a well. Is heavier wlien it rises above tfia 
snrface of the water, than while it is below It ? 815. How can the specific gra- 
vity of bodies that will not sink in water be ascertained f What illostratioii Is 
£ven f By whom was the method of ascertaining the apeciflc gravities of ha- 
ea discovered ? In what manner did he ascertain it ? 917. What is an hydrtK 
meter ' Upon what principle is it constructed ? Explain ita conatructioto. 



mnnuuLics. dt 

t Miodtmkid Mftlt Mng frooi tli» upper part. A weight U attaehed 
bdow tiie ball. When the iostrament, thus eonMnicted, is immer- 
«d in a fluii^ the specific gravity of the fluid is estimated b? the 
Bortion of the scale tfaAt remains abore the snrfiioe of the fluid. 
The greater the spedfio gniTitjr of the floid, the Wss wiU th« soaitf 
dnk. 



SECTION X. 
HydramiUa. 

920. Hjdranlics treats of the motion of fluids, par* 
ficularly of water ; and the construction of all kinds of 
fauHruments and machines for moving them.* 

S21. Water, in its motion, is retarded by the friction 
of the bottom and sides of the vessel or channel through 
which it passes. For this reason the velocity of the 



greater Uian that of the gold, and that the quantity of water displaced was, 
is each experiment, equal to the bulk of the metal. He next made trial with 
the crown, and found it displaced more water than the goM, and less than the 
sU^er, which led him to conclude, that it was aeiiher pore gold nor pure silver. 

* In the secoitd illustration, Page 6th, No. 48, some account is given of 
the chemical action of heat upon water ; and the reason is there given why the 
rain which fhlls upon the earth, and sinlcs into it, does not, iu the courae of 
time, injure its solidity. Ttie cause of the ancent of steam, or vapor, may be 
ibund in its sjtecifie grsTity. It may here l>e stated that ntin, snow, and hail are 
ibrmed by the condiusation of the panicles of vapor in the upper regions of tlia 
atmosphere. The watery particles commg within the ei>here of each other*s 
attractions, unite in the form of a drop, which being heavier than th« air, ftilia 
to the eardu Snow and hail differ from rain only in the diflbrent degrees of 
temperature at which the particles unite. When rain, snow, or hail fHll, pnrt 
efit reascends in the form of vapor, to form clouds, dtc, part is alMort>ed b> the 
roots of vegetables, and part descends into the earth to form springs. The 
^Mings form brooks, rivulets, rivers, Ac and descend to the ocean, where being 
again heated by the sun, the water rises in the form of vapor, again forma 
^uds. and again descends in rain, snow, hail, ^c. The speciflc gravity of the 
watery particles which constitute vapor, is less than that of the air near the 
•orfare of the earth ; they will, therefore, ascend until tliey reach a portion of 
the atmosphere of the same specific gravity with themselves. But the consiau^ 
acceesion of flnesh vapor fWMn the earth, and the loss of heat, causes several ptir^ 
tides to come within the sphere of each other*s attraction, as has been btnied 
ri»ove, and they unite in the form of a drop, the speciOc gravity of which being 
ireater than that of ih« atmosphere, it will faH in the form of nUn. Water, aa 
it descends in rain, snow, or hail, is perfectly pure, but when it has fkUen to th9 
earth, it mixes with the various subntances through which it passes, which ipva 
It a species of flavor, without aflbctiug its transparency. 
■ ■' I -'iiiii. 

la what proportion does the scale sink ? 320. Of what does hydraulics treat f 
What is the cause of the ascent of steam or vapor f How are the pHriicles of 
Ckto vat>or formed into rain, snow, or hail f How long will these parue!o» r^ 
■tain in the upper regions r What becomes of them alter they have fliiUca f 
191. WhMt mtajrds the mniinn nrww»«f f 
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surface of a caDal or river is always greater than that «f 
any other part.* 

322. A fluid running from an orifice in a vessel id 
dbcharged with .the greater rapidity when the vessel 
from which it flows is kept constantly full. 

323. When a fluid spouts from several orifices in the 
side of a vessel j it is thrown to the greatest distance 
from the orifice nearest to the centre.'f 

324. A vessel filled with any liquid will discharge a 

greater quantity of the liquid through an orifice to 

which a short pipe of peculiar shape is fitted, than 

through an orifice of the same size without a pipe.| 

But if the pipe project into the vessel, the quantity dis» 

charged will be diminished instead of increased by the 

pipe. 

3S25. The quantity of a fluid discharged through a pipe or an ori- 
fice is increased by heating the liquid ; because heat oiminiahes the 
cohesion of the particles, which exists, to a certain degree, in all 
Uquids. 

326. The velocity of a current of water may be as- 
certained by immersing in it a bent tube, shaped like a 
tunnel at the end which is immersed. 

327. lUtLStratUm. Fig. 55 is a tube shaped like a tunnel, with the 
larger end immersed in an opposite direction to the current. The 

-\ 
* In consequence of the fHction of the banks and beds of rivers, and the no- 
meroiM obntacles they meet in their circuitous counie, their progress is slow. If 
it were not for these impedimeiils, the velocity wliich the waters would acquire 
would produce very diitaMtrous consequences. An inclination of three inches in 
a mile, in the bed of a river, will give the current a velocity ofabout three miles 
an hour. 

t This is true only on the condition that the vessel be not elevated. If the 
Tessel be elevated, the lowest orifice will discharge the fluid to the gnsatest dis- 
tance, but when the vessel is placed low, the fluid will reach the plane before 
iXz projectile force is expended. 

t This !• '*aused by the cross currents made by the rushini; of the water flrofll 
dinbrent directi«.r« towards the sharp-edged orifice. The pipe smooths the pas-^ 
■age of the liquid. 

Why does the surfhce of a canal or river have a greater velocity than any 
other part * What benefit resulu from ft-iction retarding ihe motion of water f 
822. Does the fulness of a vessel fl*om the orifice of which a fluid is running 
have any eflTect upon its velocity i S2S. When a fluid s|»outs flrom several on- 
flees in the side of a vessel, tVom which is it thrown to the greatest distance? 
824. What effect will a pipe, fitted to an orifice, have with regard to the quan- 
tity discharged i What wiH be the efleci if ihe pipe project into the vessel f 
9S5. How can the quantity discharged through a pipe or orifice, be increased f 
Why will heat increase it i 32b. How can the velocity of a current of water 
be uceriained t What does Fig. 55 represent ? How is the rapidity of tht . 
fffiwAfit Mituuated i 
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npidilj of the enrrmt b eitiiiiated by ^ <■• 

the height to which the water is forced 

into the tube, above the surface of the 

eurrent. By such an instrument the 

eompantiTe velocity of different 

ftreama, or the same stream at dif- 

fereni times, may be estimated. 

338. Waves are caused by 
the friction betweeo air and 
water.* 

929. The instruments used 
for raising or drawing water or 
other liquids, are the syphon, 
the common pump,t the chain 
pump, the forcing pump, and 
the screw of Archimedes. 

330. The screw of Archimedes is a machine said to- 

save been invented by the philosopher Archimedes, for 

raising water and draining the lands of Egypt, about 

200 years before the Christian era. 

331. miutntimt,Fig' Fig- S6, 

OS 56 represents the 
screw of Arehimfides. 
A single tube, or two 
tubes, are wound in 
the form of a screw 
around a shaft or cy- 
linder, supported by 
the prop and the piv- 
ot A, and turned by 
the handle it. As the 
end of the tube dips 
into the water, it is 
filled with the fluid, 
which is forced up 
the tube by every suc- 
cessive revolution, until it is discharged at the upper end. 

* It has been said, (and the experiment haii been tried,) that when oil is pmm. 
ed on the Mrindward side of a pond, the whole surihce will become smooth. 
The oil protects the water (Vom the friction of the wind or air. It Is said, also, 
that boats have been preserved in a rnging surf, in consequence of the sailors 
bavtai; emptied a barrel of oil on the water, which has thus been protected fh>in 
the firiction of the air. 

t The common pump, and the forcing pump, will be explained In connexion 
wtth pneumatics. 




What is the use of the instrument f 328. What causes waves I What Is some- 
times done to remove this friction ? 329. What instruments are used for raisinc 
bqnids ? 330. What is said of the screw of ArehimSdes f Explain the use of 
lUa serew by Fig. 58. 

6 
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rctrd b; a cbun U mode to pia. The 

clioin pnaK-t oier Lhe irbeel C tnd dudei tlje 
wheel D, which i* nndei water. Tk buck- 
eU arc nude to Gl the box, bat not «a is tn 
create uiuch frictiun. The npp'r wbr^!, C, 
i* Mrnpd by a crank, (not replvaentrd in th? 
Fig ) which caueci the chnin with tli* hudit-la 
atlaclied lo pass through itae box. Eicb buck- 
et, Bs it enU'ra the box, lifla uo the water hIuivp 
it, and diBcliargea it at tl 

334. Springs and 



rulets s 



r, fitc, 
I penetralee the earth, and de- 
scends until it meets a euUetance wlimh 
it caonot penetrate. A reservoir is 
then Tormed by the union ol' Bniall 
streams under ground, and the watfi 
continues to accumulate until it iinds 
an outlet. 

3^)5. lUuatration. Tig. 
58 represenis a body of jpi^, 





then furina a apring at C 

336. A spring will rise 
■ ■' ■ ■ the res 
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height which is not greater than the level of tlie resep- 
voir from whence it flows.* 

3S7. Fountains are formed by water carried through 
natural or artificial ducts from a reservoir. The water 
will spout through the ducts to nearlyf the height of 
the surface of the reservoir. 

338. The Syphon ^ ia a tube bent in the form c)f the 

letter U, one side bemg a little longer than the other. 

33S). lUuiiratiom. Fig. 69 repreienti the Syphon of Uie BovtoD 
fichool set. A syphon is used by filling it with water or some othcf 
fluid, then slopping both ends, and in this stitc immersing tlie 
shorter leg or side into a yessri containing a liquid. The ends then 
beinff nnstopped, the liquid will run through the syphon 
ontiTthB vesRl is emptied. In performing this experi- ^•M 
meat, the end of the syphon which is out of the water ^'"^ 
mast always bs below toe suiftes of the water in tlie 
iressel. The syphno may be used to show the equili- 
briuD of fluids, by ponring in a small quantity of mercury 
and thirteen and a half inches of waiet into the largest 
part. The liquids will rise in each side or log of the sy- 
^on, in height, (nroportioned to their speciiic gravity. 
Tl»e mercury being of specific gravity thirteen times 
gieater than that ofwater, will balance thirteen times its 
balk of water. Consequently tlie water will rise thirteen 
times as high on one side of the syphon as the mercury 
is on the oUier. But if one liquid only is poured into the 
syphon it will rise to the same height in both sides or 
legs of the syphon. Any other liquids may be used with similar 
cnect; namely, the lighter liquid will rise as much higher on om 
side of the syphon than the other as the specific gravity of tlie one 
fluid exceeds that of the other. 

340. Tantalus' cup consists of a goblet ccntaining a 

* Tlie ancient Remana, ignorant of this property of fluids, constructed vast 
aqueducts acroea Talleya, at great expense, to convey water over them. The 
siodema efiect the aanie object by means of wooden, metallic, or stone pipes. 

t The resialance of the air prevents the fliiida fVom rising to quite the same 
height with the reservoir. 

X The Syphon belonging to " tk§ Boston School set " is a glass tulie, the longer 
arm of which is about 21, and Ifce shorter arm about 6 inches in length. Be- 
sides the experiments made with It, which are mentioned above, the follow^Iag 
may be performed. 1. Bcrew the stop-cock <5ee Fig. 66.) into the short end 
€€ the syphon ; close the stop-cock, and pour a quantity of mercury into tha 
longer arm. The air contained in the shorter arm will jircvent the mercury 
from rising in that arm, but on turning the stop-cock, the mercury will rise to 
an equilibrium in both arms. 

S37. How are fountains formed ! How high will the water spout through 
the ducts? What prevents the fluids firom rising to the same height with tha 
reservoir f 338. What is the syphon f In what manner is the syphon used^ 
How can the syphon be used to show the equilibrium of fluids f linw high 
will the liquid rise in each side of the syphon } What experiment, made witk 
the syi'hon, is mentioned in the note f 340. What is Tantalus' cup f 
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■mall figure of a man. A lyphon is con- 
cealed within the figure, wfaiok empties the 'V^V 
water from the goblet as faal aa it la poured 
in, BO that tha glass can never be filled. 

Fig. aa rapresgnta the anp with the iffriliui. The N 
figvue of the man ia omitlad, in okIw tk«t the poaitioa | 
of the ijphan may b« jeai. 

341. Water by meaas of its weight or its 
force when in motion, becomes s mechanical 
agent of great power, It ia uaed to propel 
or turn wheels of different conatruction, which b»in| 
connected with machinery of vuious kinds, fbra 
mills, Ilc. 

343. There are Ihreq, kinds qf water-wheels, called 
undershot, oterahot, and breast wheels, 

943. The Overshot wheel is a wheel-set in motion bj 
the weight of water flowing upon it. Xt receiveB its 
motion at the lop. 

341. Miulralimt. Jig. 61 Tspresenta Xs. n , 

the oreiBhot wheel. U coniiitu of % 
wheel turning oa nil axis, (not rep- 
lecentsd in the Fig.) with compvt- 
meaU culled buckets, abed, ic., aX 
the circumference, which are woo- 
cetaively filled with wiler from tbs 
■tream S. The weight of the water 
In the buckets causes the wheel to 
UrD^ and the buckets being gradually 
inveTted are emptied aa they descend. 
It will be seen, from fn ioBpeotion of 
the figure, that the buckets th the dmceDding aid* of the Wbael ue 
always filled, or partly Hied, while those in the oppooite or lacend- 
ing part are always empty until they are again presented la At 
stream. This kind of wheel is the moat powerful of all the watmt- 

345. The Undershot wheel is a wheel which is set in 
motion by the motion of the water, b receires iti 
tnipiilse at the bottom. 





•hot w&eel. Initeid oT 
bdckets lE tbe circaiiife^ 
ence,it is fumlBlKd witb 
pkne ■ai&an, called flokt- 
D«rdi(« I c 4i dec, which 
ieceii« the impolae of Iba 
mler, and caose Uie wheel 



347. The Breast wheel ia a wheel which receives Uw 
water at about half ita own height, or at Ilie level of its 
aiis.. It ia set in b-.. .. 

motion both bj the 
weight and the mo- 
tion of the water. 

am. lUustraZioii. 
Fig. 63 representi ■ 
breast wheel. It ia 
rumished either wilh 
backetB,or with Soal- 
boards, fitting the vra- 

349. In all the nbeeh which have been deaoiilwd, the moticn 
pven to the wheel, ig communicated tn other machinerj or gear- 
ing, aa il ia called, by other wheels or piniona attached to tho aii% 
nieh aa have been deacribed in page 42, No. 23!). 




SECTION XI. 

Ptteitmaiict. 

350. Pnetimatica treats of the nature, mechanical 
propertiea, and effects of air and similar fluids, which 
are distinguished by the name of aeriform fluids. 
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%$ NATURAL PHILOSOPHY. 

351. The air which we breathe is an elastic fluid which sai 
rounds the earth, and extends about forty-five miles above its sur- 
fkce.* It possesses inany of the properties belonging to liquids in 
general, besides several others, the result, or, perhaps, the eanse of 
iti elasticity. Its specific gravity is eight hundred times lew than 
that of water.t 

352. Air, steam, vapor, gas, are all elastic fluids poneisinjg ths 
same mechanical properties 4 Whatever, therefore, is ntal^d in ie> 
lation to air, belongs in common to all of these fluids. 

363. Air and other similar fluids have weight, but their particlsi 
do not, under any circumstances, adhere together; or, in other 
words, they are influenced by gravity, but have no cohesive attrac- 
tion. § 

354. Air has two principal properties, namely, grav- 
ity or weight, and elasticity. 

355. By the elasticity of the air is meant its power 
of increasing or diminishing in bulk, or extension, ao* 
cording as it is more or less compressed. [| It is this 

* See 2d note to No. 98, page 13. 

f The air is necessary to animal and vegetable life, and to combmtioa. It is 
a very heteTdgeneous mixture^ being filled with vapors of all kinds. It constetik 
^However, of two principal ingredients called oxygen and nitrogen, or BMOteiV 
the former of which tliera are 28 parts, and of the latter, 72 in a hundred. Tbe 
air is not visible, because it is perfectly transparent. It may be felt when it 
moves in the form of wind, or by swinging the hand rapidly backward and for- 
ward. 

1 The chemical properties of liquids, fluids, &c., are not treated in the sciences 
• of rneuinatics, HydraulicH, or Hydrostatics, but belong peculiarly to the acienoe 
of chemistry. They are not, therefore, described in this work. 

§ It has already been stated [See No. 70], that heat insinuates itself betweea 
the particles of bodies, and forces them asunder, in opposition to the attraction 
of cohetfinii 111(1 of gravity ; it, therefore, exerts its power against both the attrac- 
tion of gi :. Mtion and the attraction of cohesion. But as the attraction of co- 
hesion d\ I ..(it exist in fluids in the form of air (or aeriform fluids), the expan- 
sive powt;i- uf heat has nothing to contend with but gravity. Any increase of 
temperature, therefore, expands an elastic fluid prodigiously, and a diminutioa 
of heat condenses it. 

g The terms " rare/action," and *' rarejied " are applied to air when it is ex- 
panded \ and '' condenscaiouy'' or " condensed " when it is compressed • It hw 
already been stated {See page 13, No. 98], that the air near the surface of the 
earth bears the weight of that which is above it. Being compressed, therefore, 
by the weight of that above it, it muHt exist in a condensed form near the sur- 
face of the earth, while in the upper regions of the atmosphere, where there is 
no pressure, it is highly rarefied. This condensation, or pressure, is very simi- 
lar to that of water at great depths in the sea. [See No. 295. J 

351. What is the air which we breathe f How far does it extend above the 
surface of the earth ? Does it possess properties common to liquids in general f 
How does its specific gravity compare with that of water f Of what two pri»> 
cipal ingredients does the air consist f What la the proportion of these parta 
to each other f 352. What other fluids are named belonging to the class c€ 
elaslic fluids f 353. Have the air, and other similar fluids, weight i With what 
power alone has heat to contend in aeriform fluids ? 364. What two priaoipal 
pro|)erties lias the air ? 355. What is meant by the elasticity of the air f How 
do the aeriform fluids diflbr from liquids f When is the air said to be rarafiad f 
When condensed f- Is the air, near the surface of the eaith, rare or danaa ' 
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DFopertj whicfa disttoigiiisheft the aarilbnn fluids firoM 
liquids. 

^6. The air pump is ao instrument by means of 
which the air may be pumped or drawn from a vessel 
prepared for the purpose. The vessel is called a r»* 
ceirer^ and is made of jglass, in order that the efi*ects of 
the removal of the air may be seen. 

357. tUuMnaion. Air pampt are nMde in Tmriou wmyi, md srt of 
difierent constructions. Some have two barrels, (oij in other words, 
are double pumps,) and others only one. The oifierenes betwse a 
them will be presentp _. ^ . 

ly explained. Fig. 64 '*■••*• 

represents a sin^ 
barrel air pump,* owd 
both for condensincr 
and ezbaasting. A D 
b the stand or plat- 
form of the instru- 
ment, which is screw- 
ed down to the table 
by means of a clamp, 
underneath, which is 
not represented in the 
figure. R is the glass 
vessel or bulbed receiv- 
er from which the air 
is to be exhausted. P 
is a solid piston, accu- 
rately fitted to the bore 
of the cylinder, and H 
the handle by which it is mored. The dotted line, T, represents 
the communication between the receiver R and the barrel B ; it is a 
tube through which the air, entering at the opening I, on the plate 
of the pump, passes into the barrel, through the exhausting vidve 
K V. c ▼ is the condensing valve, communicating with the barrel B 
by means of an aperture near x, and opening outwards through the 
condensing pipe p, 

358. Tm operation of the pump is asfoUows : Tlie piston P being 
drawn upwards by the handle H, the air in the receiver R, by its 
elasticity expanding, passes by the aperture I through the tube T, 




* The air pamp, described In this figure, is one of a number made by A. 4b U. 
Davis, ortliis city, by order ofa special committee, (br the Boaion Schools. It 
has a piston of large size, being an inch and a half in calibre. Tlie pneumatia 
instruments, mentioned in this section, belong to the same set, and are IVom the 
same mannfacturer. There are several other manufoctories of philosophical 
instmments, iu the city, which deserve commendation, among which may be 
mentioned tboae of Bfr. T. Claxton, and Mr. Chamberlin. 



S56. What is the use of the air pnmp ? What Fig. represents aa air passp 9 
Explain the figure. 858. Kiplain the operation of ths pomp. 
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•nd tiiroiiffli the ezhaoatin^ valve x v into the barrel* On the de 
scent of tlie piston, the air cannot return through that valve, be- 
cause the valve opens upwards only: it must, therefore, piss 
through the aperture^ by the side of the valve, and through the 
condensing valve c v into the pipe p, where it passes out into the 
open air. It cannot return through the condensing valve^ c v, be- 
cause that valve opens outtoards only. By continuing this open- 
tion, every ascent and descent of the piston P must render the air 
within the receiver R more and more rare, until its elastic power is 
exiiausted. The receiver is then said to be exhausted; and although 
it still contains a small quantity of air, yet it is in so rare a state 
that the space within the receiver is considered a vacuum* 

351). From the explanation which has been given of the operation 
of this air pump, it wiH readily be seen that, by removing the re- 
ceiver R, and screwing any vessel to the pipe P, the air may be 
condensed in the vessel. Thus the pump is made to exhaust or lo 
eondeuKe, without alteration.t 

3G0. The double air pump differs from the single air pump, in 
having two barrels and two pistons; which, instead of being moved 
by the hand, are worked by means of a toothed wheel, playing in 
notches of the piston rods. 

361. By means of the air pump the following facts 
are illustrated : First, that the air has weight. Sec- 
ondly, that it is susceptible of almost unlimited expan- 
sion. Thirdly, that it can also be condensed, or 
crowded into much smaller dimensions than it naturally 
has.J 

* Properly spealiing, a vacuum is a space entirely empty, having neither air 
nor any other substance in it. From the explanation now given of the operatioa 
of the air pump, it will be seen, that that instrument is incapable of producing a 
perfect vacuum. But the air within the receiver is so exceedingly rare, when 
thus exhausted, that, for all practical purposes, it may be considered a vacaoon. 
The only mode of producing a perfect vacuum is by means of the Torricelllu 
experiment, ou the principle of the Barometer, which will be explained bcwt- 
sAer. 

t The piston and valves of the air pump should be kept well oiled. AH Um 
brass work, in the Boston School set, being lackered, need not be polished s bat 
all those parts which come into contact with water should be wiped dry alter 
they have been used. 

I This property is not illustrated by common air pumps, but is exhibited hf 
an Instrument called a condensing syringe, or condenser. The peculiar cutt> 
struct ion of the air pump belonging to the Boston School set of philosomhieal 
instruments, as has already b^n shown, adapts the instrument both for ex 
hausting and condensing, and thereby supplies the place of a separate instm^ 
ment for condensing. The condensing syringe is, in fact, nothing more than 
the air pump reversed, by which air is driven into any vessel instead cif being 
drawn out. The valve, therefore, opens inwards in respect to the vesao, 
instead of outwards, as the exhausting pump is constructed. 

JVo/e. What is meant by a vacuum f In what way can a perfect vacnum be 
produced ? 360. How does the double air pump diflTer fVom the single f 981. 
What fhcts are illustrated by means of the air pump f 362. What is the Aral 
experiment maiMiaaed, to be made with the air pump f 
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aCBk Ejop«nmtnig to b§ mtuU wiik ifu air jmmp. Place the gkei 
reeeiver R, as represeiited in Fig. 64, apon tne pamp plat^, and 
eiiiMMt the air £rom under it, bv working the piston up and down. 
The leeeiTer will adhere atrongfj to the plate. But if the air be 
BBadotiUedy by turning the screw S, the receiver majr easily be 
nised. This ezperisient shows the pressure of the atmosp^ie, 
eaueed by its weight. 

<363- ri^. 65 represents the hand glass. It is, in 
fiMt, nothing more than a tumbler, open at both 
ends, with ue top and bottom ground smooth, so 
as to fit the brass plate of the air pump. Put it 
apon the plate, and cover ii closely with the palm 
of the hand, and work the pump. The air within 
the glass being thus exhausted, the hand will be 
pressed down by the weight of the air above it ; 
and the pressure felt upon that portion of the hand 
over the glass will be equal to 14 or 15 pounds to 
every square inch. This experiment likewise 
shows the pressure of the air. 

364. Place a small bladder, partly filled with air, and tightly 
closed, under the glass receiver, and, on working the pump, thtM 
removing the air from around the bladder, the air within wLU g ra d 
ludiy expand, and cause 4he bladder to appear full. On turning Um 
scsew S, and readmitting the air, the blaclder will immediately re- 
sume its shrivelled appearance. The same effect may be pcodaced 
on a dried apple, or raisin, if the skin be whole. This experiment 
shows the elasticity of the air. 

365. Fig. 66 represents a stop cock, 
of which there are two, of "difierent 
sizes, with a screw fitted to the aper- 
ture I in the brass plate, or to the pipe 
near the condensing valve c v in front 
of the pump. By inserting the stop 

^ oock into an India rubber bag, or fitting 

' a bladder to it, and screwing it into the pipe in front, and working 
the pump, air will be condensed into it. When this Is done, re- 
move the bag or bladder to the screw in the brass plate, and place 
another ba^ on the condensing pipe. On working the instrument, 
the air wUl be conveyed from the full to the empty bag or bladder. 
Thus the pump is made to exhaust and condense at the same 
time. 

366. Fig. 67 represents the elastic tube. 
Screw the elastic tube into the pump 
plate, and connect the other end by the 
stop cock, with the iriass syphon [^ee Fig, 
50] immersed in mlrcury^ On working 
the pump the mercury will rise in the syphon to the height of 



Fig. 66. 



imm 




M\\ 



Ftff. 67. 




What does this experiment show? 368. What experiment !• performed 
wWi tbs Jiand glan i To what is the pressure ftlt upon that portion of the hand 
am the glass equal f What does this experiment show f 365. What does 
FIf. 66 represent i What experiment is performed with it .' 366. What 
FIf . 67 represent f What experiment is performed with it i 
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more than twenty-eight inches, showing that the upward preHOif 
of the atmosphere is equal to this height of mercury* 

.%7. With the elastic tube still atUched to the air pump, and tin 
syphon, as in the last experiment, the stop cock being open,- 



Fff. 68. 



tfce other end of the syphon with the finger, exhaust the air^thea 
close the stop cock; now insert the end of the syphon, which if:»^ 
stopped with the finger, into a bowl of water, and remove the fingwj'. 
the water will immediately fill the whole length of the syphon, -"' 
would rise thirty-three feet, were the syphon as long. 

2HSd. Fig. 68 represents the instrument 
for raising a weight by the upward pres- 
sure of the air. It consists of a glass tube, 
of large bore, set in a strong case or stand, 
supported by three legs. A piston is ac- 
curately fitted to the bore of the tube, and 
a hook is attached to the bottom of the 
piston, from which weights are to be sus- 
pended. One end of the elastic tube is to 
be screwed to the plate of the pump, and 
the other end attached to the top of this 
instrument. The nir being then exhaust- 
ed from the tube, the weights will be rais- 
ed the whole length of the glass. The 
number of pounds weight that can be rais- 
ed bj^ this instrument may be estimated by 

multiplying the number of square inches m the bottom of the piston 
by fifbeen. This experiment shows the upward pressure of the air. 




Fig. 69. 




3(i9. Fig. 69 is a bell-shaped ^lass, covered 
with a piece of bladder, which is tied tightly 
around its neck. Thus prepared, it may be 
screwed to the plate of the air pump, or con- 
nected with it by means of the elastic tube. 
On exhausting the air from the glass, the exter- 
nal pressure of the air on the bladder will burst 
it inwards with a loud explosion. The experi- 
ment may be reversed, and the bladder burst, 
by condensing air within the giass. For this 
purpose, transfer the glass, or the elastic tube connected with It, to 
the condensing tube P, and, on working the pump, the air will be 
condensed witliin the glass, and by its pressure burst the bladder 
outwards, with a loud explosion. The former experiment is the 
result of the gravity, the latter of the elasticity, of the air. 

* This experiment ftirnishes a test of the power of the jkump. Caution is 
necessary in disengaging the syphon tVom the flexible tube, 'or taking it oat of 
the mercury. In all cases, the thumb screw of the air pump should be turned, 
and air admitted before removing the syphon, &;c., otherwise, the air, rushinf 
in at the lower end of the syphon, will force the mercury violenily into the air 
pump, and probably break the syphon. 

What does this experiment show f 368. What does Fig. 68 represent? Of 
what does it consist .' How is it used f How can the number of pounds weight, 
that can be raised by this instrument, be estimated f What does this experi- 
ment show f 369. What does Fij. 69 represent f What experiments art 
mentioned in No. 369. Of what is the first experiment the result f The 
secood? 
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370. Fiff. 70 b a glass airoilar to the one rep- 
lesented la the last figure, covered with India 
fobber. The same experiments mar be made 
^ith this as were mentioned in the last article, 
Nt with difierent results. Instead of bursting, 
the India rubber will be pressed inwanis the 
whole depth of the glass, when the air is ex- 
hausted ; and will swell outwards like an in- 
flated bladder, when the air is condensed in the 
glass. 

371. Fie. 71 is called the guinea and feather drop. In most col- 
lections of philosophical apparatus, this instrument connists of a tall 
receiver, with brass shelves near tlie top, on which a 
guinea and a feather may be placed. The air being ex- ^' ^* 
fiausted, and a screw on the top being turned, the shelves f ^ 
drop, and cause the guinea and feather to fall togeth^. 
This instrument is desigued to show how falling bodies 
are retarded by the resistance of tlie air. When tne air is 
within the receiver, the guinea will fall first, while the 
feather, being retarded by the resistance of the air, falls 
slowly ; but when the air is exhausted, they will both 
reach the bottom at the same moment. Tlie instrument 
represented in the figure is the one belonging to the 
** Boston School set,'* and is of different construction. It L J 
consists of a large glass tube, sealed at one end, and fitted k[\ 
for tlie reception of the stop cock (see Fig. (ji>) at the ^ 
other. A feather and a small piece of brass (in lieu of 

the guinea) are inclosed in it Before exhausting tlie air, it should 
be turned several times, to show that the heavy oody (namely, tlie 
brass) will fall first. It should then be screwed to the plate of the 
pump, the air exhausted, and the stop cock closed. On removing 
it from the pump and turning it up, it will be seen that both the 
feather and the brass will fall together, and reach the bottom at the 
■ame time. 

372. Fig. 72 represents the straight jet, which is a Fig. 73. 
- 79 'in*ll brass tube. Fig. 73 is the fountain glass. 

^ ' The experiment with these instruments is de- 
signed to show the pressure of the atmosphere 
on the surface of liquids. Screw the stop cock 
to the plate of the air pump, then screw the 
straight jet into the stop cock, and the fountain 

glass over the jet to the cock. Having ex- 
austed the air from the fountain glass, turn 
the stop cock, and removing it with tlie glass 
from the pump, and immersiner it in a vessel 
of water, open the stop cock. The pressure of 
the air on the surface of the water will cause it 
to rush up into the glass like a fountain. 

9n. What does Fig. 70 repreaent f flow do the experiments mentinnetr 
No 370 dilAr fh>in those of No. 369? 371. What dneM Fig. 71 reprtme 
What ia this instrument designed to show f When will the guinea fHll fli 
When will tbey l>oth fell at the «ame time f 372. What do Pigs. 72 nni 
ropraMnt? What are the experiments made by this instrument desigue 
Aow f What experimeni is mentioned here r 
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373. Fist. 74 reprnento the flask or gli 
Tetsel and scales for weifffain; air. Screw 
the stop cock to the flask, and hanging it 
to the hook under the shorter scale, ascer- 
tain the weight of the flask while it is 
open, and of course,, filled with air ; then, 
having screwed it into the pomp plate, 
and exhausted the air, again weign the 
flask. The difference between its ppesest 
and former weight is tlie weight of the air 
tiMt was contained in the flask.* 

374. Fig. 75 is a hollow, brass 
fflobe or condensing chamber, 
lor condensing air. Having part- 
ly filled it with water, and insert- 
ed the stop cock, screw it to P, 
the condensing pipe of the pump, 
and condense the air ; then turn 
the stop cock to confine (he air, 
and, removinff the globe from the 
pump, insert tiie straight jet (Fig. 
V2) into the stop cock ; and, on 
turning the cock, the pressure of 
the air within the globe will 
force the water out in a beautiful 
stream, and with great force. 

Fig, 76. 
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375. The same experiment may be performed with the revolving 
jet represented in Fie. 76. The water will form a beautiful circle 
m the air as it is forcibly ejected from the jet, and the tube will 
rapidly revolve. 

376. Fiff. 77 is a small brass cylinder, or Fig. n. 
gun barrel, with a screw fitted to the brass 
globe, designed to show the operation of an 
air gun.i Screw the brass globe, with the 

* Condmsed air miiy likewise be weighed in the brass globe, after being 
introduced as described in the next experiment. In weighing air, the tempers' 
ture of the room mast be observed, because heat rarefies it, and renders it light- 
er; therefore the wamter the room in which the Mperiment is tried, the lighter 
the air will be. 

t Condensed air, by its elastic force, will produce efibcta similar to gunpow- 

373. WhHt does Fig. 74 represent f What experiment is mentioned i Nott. 
How can condensed air be weighed .' What is necessary to be observed faa 
weighing air.' 374. What does Fig. 75 represent ? Whatexperiment is men> 
tioued i What does Fig. 76 represent ? 376. What does Fig. 377 represent ' 
What is its design ? Hote, What is said with regard to condensed air f 
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ctop cock, to the eondennnff pipe of the air pomp, and condenae 
the air. Turn the stop cock, remove the globe from the conden> 
ing pipe, and screw the gun barrel to the>stop cock ; put a lead shot, 
or paper ball, into the harrel, and quickly open the stop cock : the 
■hot will be thrown with force across the room. 
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377. Fig, 7B represents the. straight receiver.* Fill 
the straigtit receiver with water, and, placing it on the 
plate of the air pump, cover it with the bulled receiv- 
er, and exhaust the air. The air contained within the 
water will then lise in bubbles, and, escaping fiom the 
surface, present the appearance of boiling waler. 

378. With the two Deceivers, as in the last experi- 
ment, sink a piece of wood in the water, and, on ex- 
hausting the air from the water, the air will be seen 
issuing Troro the pores of the wood. 

379. Fig. 79 represents the glass balloon. With the 
Fig. 79. receiver, as in the last two experiments, 

place the balloon with the neck downwards 
upon the surface of the water. (It will, 
perhaps, be necessary to admit a little 
water into the balloon to make it stand in 
the water.) On exhausting the air, the air 
will be seen issuing from the balloon. The air being 
admitted into the receiver, the balloun will sink ; or, 
a^in exhausting the air, the ballo«m will rise. The 
experiment may oc repeated at pleasure. 

J^T 380. Ether, alcohol, and other distilled liquors, or boiling watef>,, 
placed under tlie receiver, will appear to boil when the air is er* 
hauHtod. 

381. Place a lighted taper, cigar, or any other substance, that 
will produce smoke, under the leceiver, and exhaust the air : the 
lijght will be extinguished, and the smoke will fall, instead of rising. 
If the air be readmitted, the smoke will ascend. 

382. 1^11 the straight receiver with water, cover it closely with 
paper, and invert it, — the paper will be held on by the upward 
pressure of the air, although it sustains the whole weight of the 
water. 

dcr. Air fiiiw have been constnicted fl'om whirh nliot may l>e thrown with a 
force alnioM aa freai tu that of gunpowder. With the air gun, a bullet may 
be made to iieifnrate a himnJ. With the briiss ;lobe and the cylinder or 
fun barrel, dencribed in Fig. 77, the operation of the air gun may eaaily be 
voderatood. 

* Thia Teaael properly iMlongn to the electrical apnaratnii, and for this reanon It 
la coated with siripN of tin foii, like a l.eyden Jnr. It in imed with the pneumatic 
faivininirnts In the** Botflon School nrt',*^ nnder the name of the straight re* 
ceiver, un accoimt of ita small sixie, which allows the bulbed receiver to covitr 
it. Economy miitirrMts the application of each instrument to as many puriMMOS 
sa it can conveuieucly answer. 



What experiment is meniioiMnI f ST7. What d.ies Fig. 78 represent f What 
experiment is here mentioneil f 378. What expennient hi mrntinnrtl In No. 
87t ? 879. Wtuit does Fia. 7tl represent t What exiwriment is hen* nirnflonedf 
MOl What ia auted in Noa. 880 and S81 ? 81E2. What la aUled in Mo. 88S ' 
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Se)3. Fif . 80 repretents the Magdebar^h FH- iP^ 

cups or hemispheres. They consist of twQ 
yuUuw brass cups, the edges of which ate ac- 
euratelj fitted Uj^ther. They each ha?a a 
handle, to one of wliich the stop cock is fit- 
ted. The stop cock, being attached to one 
of the cups, is to be sciewed to the plate of 
the air pump, and left open. Having joined 
the other cap to that on the pump, exhaust 
the air from within ihem, turn the stop oock 
to prevent its readmission, and screw the 
hairdle that had been removed to the stop 
cock. Two persons may then attempt to 
draw these cups asunder. It will be found 
tiiat great power is required to separate 
ihem ; but, on readmitting tlie air between 
Ihem, by turning the cock, they will fall 
guilder by their own weight. When the 
4ir is exhausted from within tliem, the pres- 
sure of the surrounding air upon the outside keeps them united* 
This pressure, as has already been stated, is equal to a pressure of 
fit\een pounds on every square inch of the surface. Whence it 
follows, that the larger the cups or hemispheres the more difficult it 
^iil be to separate them. 

384. By means of a weight, sink a small bladder, partly filled 
wltl»air, and tightly closed, in water contained in the straight re« 
Celver, — cover it witli the bulbed receiver, and exhaust the air, — 
%s the surrounding pressure is thus removed the air within the 
bladder will expand, and its specific gravity being thus diminished^ 
it will rise. On readmitting the air it will sink again. 

385. If an animal be placed under the receiver, and the air ex- 
hausted, it will immediately droop, and if the air be not speedily re* 
tdiiiitted it will die. 

386. A simple and interesting experiment, connected with the 
science of chemistry, may thus be performed by means oT.the air 
pump. A watch glass, containing water, is placed over a small 
Vessel containing sulphuric acid, and put under the bulbed receiv<' 
er. When the air is exhausted, vapor will freely rise from the 
water, and be quickly absorbed by the acid. An intense degree of 
cold is thus produced, and the water will freeze. 

387. In the above experiment, if ether be used instead of the acuL 
the ether will evaporate instead of the water, and in the process oi 
evaporation, depriving the water of its heat, the water will fraexe;^ 
^hese two experiments, apparently similar in efiects, namely, tlM 
feezing of tlie water, depend upon two different principles wkiek 
pertain to the science of chemistry. 



8S3. What dom Fig. 80 represent f What experiment Is here mentioned ^ 
PueM ihe Mize of the cups have luiy effect upoll their sepuratinn.' 384. What 

S^perilllellt i« here nieulioned ? 385. What one i« mentioned in this numticir f 
86. What e.vperimenl, connected with the science of chemistrv. U 
iioued ? What will be the effect if ether be useMl iusiead of the add f 
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J%e following experiments liuiy be made Vfith the syphon. [See 

388. screw the itop cock into the shorter end of the sjphon, clom 
the stop cock, and pour mercury or water into the longer side. The 
air contained ia the ■horter side will prevent the liquids from lisiijff • 
in the shorter side. But if the stop cock be opened so as to afford 
free paasafe outwards for the air, tne fluids will rise to an equili- 
briam, that is, to equal height in both arms of the syphon. 

389. With water or mercury in the siphon, and the stop (*ock 
open, torn the syphon so that the fluid will enter the shorter arin, 
and when that arm is filled up to the stop cork, close the stop cock 
to prevent the admission of tne air: the syphon may then be tutn- 
ed in any direction and the fluid will not run out, on account of the 
pressnre of the atmosphere against it. But if the stop cock b« 
opened, the fluid will run out freely. 

390. With a quantity of water in the balloon, (Fig. 79.) or a 
weight attached to it sufficient to render its specific gravity nearly 
the same with that of water, immerse it in a tall vessel full of 
water, and let it float on the surface. Cover the top of the vessel 
closely with India rubber, or any elastic covering. On pressing 
the covering with the hand, the balloon will immediately descend 
in the water, and when the pressure is removed it will again float 
about, rising or fklling, or standing still, according to the pressurt 
on the covering. 

391 . This experiment may be thus explained : — the pressure on 
the top of the vessel first condenses the air between the cover and 
the surface of the water ; — this condensation presses upon the 
water below, and as this pressure affects ever^ poition of the water 
throoghout its whole extent, the water, by its upward pressure, 
compresses the air within the balloon, and makes room for the aa- 
eent of more water into the balloon so as to alter the specific gravity 
of the balloon, and cause it to sink. As soon as the pressure ceap* 
sea, the elasticity of the air in the balloon drives out the lately en- 
tered water, and restoring the former lightness to the balloon causes 
it to rise. If, in the commencement of this experiment, the balloon 
be made to have a specific gravity too near that of water, it will not 
rise of itself, after once reaching the bottom, because the pressure 
of the water then above it will perpetuate the condensation of the 
air which caused it to descend. It may even then, however, be 
made to rise, if the perpendicular height of the water above it be di- 
minished by inclining the vessel to one side. 

^92. This experiment proves many things ; namely : 

First. The nuUeriality of air, by the pressure of the hand on the 

lop being communicated to the water below through tlie air in the 

apper part of the vessel. 

Seccndty* The compressibility of air, by what happens in the globe 

before it oescends. 

SSa. What experiment, made with the syphon, ia mentioned in No. 388/ 
•89 f 890 .' How would yon explain this experiment f Wliat will be the eflfed 
irihe biil1oon,tn the commencement of this experiment, be made to have a sp»- 
dflc gravity too near that of water f Why will it not rise .' Ilow can it be 
aude to rise? What does this experiment prove i First f Secondly f 
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Thirdly. The elasticity j or elastic force of air, when the water h 
expelled from the globe, on removioff the pressure. 

Fourthly. The lightness of airy in the baoyancjr of the fflobe. 

Fifthly. It shows that the jnressure of a liquid i$ exerted inuttdi' 
rectionsj because the effects happen in whatever positioa the jar be 
held. 

Sixthly. It shows that pressure is as the depthy becaoae lees pm- 
sure of the hand is required, the farther the globe has descended in 
the water. 

SevetUldy. It eTemplifies man^ circumstances of fuid supporL A 
person, therefore, who is familiar with thb ezpenment,* and can 
explain it, has learned the principal truths of hydrostatics and 
pneumatics. 

393. Air may become a mechanical asent bj means 
of its four properties, weight, inertia, fluidity, (or power 
of transmitting pressure,) and its elasticity. 

394. The pressure of the air, (as has already been 
stated) caused by its gravity or weight, is equal to fif- 
teen pounds on every square inch of any surface ; hence 
it is calculated that a man of common stature has to 
sustain a weight of about fourteen tons of air. The 
equality of the pressure on every part of his body pre- 
vents his being injured by this immense weight ; and 
the air contained within the body and its pores, also 
counterbalances the weight of the external air. If this 
external pressure were removed, the air within the 
body, meeting with no external pressure to restrain its 
elasticity, would burst the parts whicti confine it, and 
destroy life. This pressure is proved by numbers d61, 
368, and 382, pages 68, 70, and 73. -<fc 



* On the same principle with the balloon, described In this experiment, i 
ral imiu^es of glass, hollow within, and each hovinfr a small opening at this heel 
by which water may pass in and out, may be made to mancDuvre in a vessel of 
water. Place them in a ves«iel in the same manner with the balloon, but by sl- 
lowing diflTerent Quantities of water to enter the apertures In the imftfea, cause 
them to dilTer a ifttle from one another in specific gravity. Then, when a pres> 
rare Is exerted on the cover, the heaviest will descend first, and the olhers fol- 
low in the order of their specific gravity ; and they will stop or return to lbs 
surface in reverse order, when the pressure ceases. A person exhibltinf Iboe 
0gures to spectators, who do not understand them, while appearing carelsiBly 
to rest his hand on the cover of the vessel, seems to have the power ororderiitf 
their movements by his will. If the vessel, containing the figures, be invertad, 
and the cover be placed over a liole in the table, through which, unobserved, 
pressure can be made by a rod rising through the hole, and obeying the foot of 
the exhiiiiter, the most surprising evolutions may be produced among the flcorei, 
in perfect obedience to the word of command. 

Thirdly ? Fourthly ? Firthly ? Sixthly .' Seventhly i What experiment is 
mentioned in the note } 393. IJow may air become a mechanical agent f 384. 
To what is the pressure of the air, on every square inch, equal ? What weight 
of air does a common sized man sustain? Why does not this weight ii\)ar« 
bim ? What would be the effect if this external pressure were removed t 
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995. A vacoum is a space from which the air and 
tvery other substaoce has been removed. 

396. The resistance which light bodies meet from the 
air, causes them to fall slowly, while heavy bodies, mora 
iMdtly overcoming this resistance, fall rapidly. This 
%8 proved by number 37 1 , page 7 1 . 

597. When the external pressure is removed from 
any portion of confined air, it will immediately expand^ 
and to this expansion there are no known limits. [<$e< 
JVb. 361, pogc 68.] 

398. A column of air reaching to the top of the at- 
mosphere, the base of which is a square inch, weighs 
fifteen pounds, when the air is heaviest. {See J^To. .394.) 
Therefore, as all fluids press equally, in all directions, 
every inch of our bodies sustains a weight of fifleen 
pounds. 

399. The exact pressure that any individual sustains may, thero" 
fore, l^ ascertained by finding the number of square inches there 
are on^ihe surface of his body, and multiplying it by fifleen. In like 
manner, the weight of the whole atmosphere* niny be ascertained by 
finding the number of square inches there are on the surface of the 
globe, and multiplying the same by fifleen. In this way it has been 
ascertained that the weight of the whole atmosphere is more than 
five thoosand billions of tons. 

400. The air consists of particles possessing the in- 
herent properties of matter. It, therefore, has the prop- 
erty of impenetrability, {See J>ro*8, 26 and 27.) like aU 
other substances. 

401. JUustralUm. If a tube, closed at one end, or an inverted 
tumbler, be inserted at its open end, in a vessel of water, the water 
will not rise in the tube or tumbler, to a level with the water in the 
vessel, on account of the impenetrability of the air within the tube. 
But if the tube be open at both ends, the water will rise, because 

* The exact height, to which the atmoitphere extends, has never been accu- 
rately ascertained : bat it ceases to reflect the sun's rays at a greater heighl 
lluui flirty-flve miles. It has been compute-d that the weight or the whole a^- 
moaphere is equal to that of a globe or lead, sixty miles in diameter. 

395. What is a vacuum .' 396. Why do light bodies fall more slowly than 
heavy ? How is this proved i 397. What will be the eflTect if the external 
pressure be removed from any portion of confined air f Are there nny liiiowa 
Umits to this extension ? 398. What is the weijiht of a column of air, the baaa 
of which is a square inch, reaching to the top ol^ the atmosfihere, when the ahr 
is heaviest ? What weight does every inch of our bodies sustain i How can 
the weight of the whole atmosphere be ascertained i Has the exact height to 
which the atmosphere extends been accurately ascertained i At what height 
does it cease to reflect the sun^s rays. To what is the computed weight of tin 
atmosphere equal I 400. Of what does the air consist i What follows frofo 
this i What illustration of this is given ' 

7* 
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4US. Fiir. 81 i»pr«*enU a diving twil. 
ipnibta ofa laree (1017 vMwl, Tormrd like 
■ ball, (but miiy Be made ofanjothiT abapr,} 
with Uie nioulh npen. II descends inlo the 
walrr with its mouth donnwarda. The air 
wittiin it having no outlet is compelled bj 
the order of suecific graTilles, lo ssceod in 
thelell.snd (hug ' . - -. -^ 



nid. It is on thia prineiplt 
it ia aometiiora cmlledj i* 

rif. U. 
It __, 



=upy t 
prevenln ll 



space It the same time,) 



X person, therefore, may descend with safe- 
ty m the bell to a sreat drpth in the leBiind 
thus recover voluoTile articles that hare been 
test. A cunstBnl sDpply of fresh air ia sent j) 1 
dnwDj^either b^ means of barrels, or bj ■ 
forcing punip similar to the condenser oribe 
air pump. In the Fig., B represents the bell 
with tlie diver in it. C is a bent metallio 
:tube attsched to one aide and reaching the 
air wiliiin ; and P is the forcing punin 
through which air ix forced into the betl. 

is attached to the tube by q 

'scenda to a great depth, 



Tie fircing pump 
a joint at D. 

When the bell di 
the preseurr of 



bell, BDd c 
forced out by consU 




vater to ascend in the belL Tlui 
ina of freah air, aupplied aa above 
: taken that a constant supply of 

;bIi air ia sent down, otherwise the lives of those within the bell 
ill be endangered. The heated and impure ail is allowed to ei- 



ment to measuie the weight or pressure of the atmos- 
phere, and furetell the variations of the weather. 

404. The Thermometert' is an iostrument to n 
(he heat of the an. 

405. The HygrometerJ ia an inatrument I 
the degree of moisture in the air. 

■ Tliawon] BsTDineleriLKDiaa rtencuarxi/'ioetfiU. 
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406. Fi^. 82 reprewnts a barometer. It consiaU of 
a \ong glass tube, aboat thirtj-three inches in length, 
closed a( the upper end and filled with mercury . The 
tube is then inverted in a cup, or leather bag, of mer- 
eary, on which the pressure of the atmosphere is- ex- 
erted. As the tube is closed at the top, it is evident 
that the mercury cannot descend iu the tube without 
producinjjr a vacuum.* The prearore of the atnios- 
phere (which b capable of supporting a column of 
mercury of about 28 or 30 inches in height) prevents 
the 4lescent of the mercury ; and the instrument, thua 
constructed, becomes an implement for ascertaining 
the weight of the atmosphere. As the air varies in 
weight or pressure, it must, of course, influence the 
mercury in the tube, which will rise or fall in exact 
proportion with the pressure. When the air is thin 
and light, the pressure is less, and the meicury will 
descend; and when the air is dense and heavy, the 
mercury will rise. At the side of the tube there is a scale, marked 
inches and tenths of an inch, to note the rise and fall of the nier- 
enry.t 

''407. The pressure of the atmosphere on the mercurj, 
in the bag or cup of a barometer, being exerted on the 
principle of the equilibrium of fluids, {See JVo. 283,) it 
must vary according to the situation in which the barom- 
eter is placed. For this reason it will be the greatest 
in valleys and low situations, and least on the top of 
high mountains. Hence the barometer is o(\en used to 



* The vacuum produced by inverting a tube of mercury thus closed at the 
top, is called the Torricellian vacuum, Trnm Torricelli, an Italian philooopher, 
who first discovered this means of producing it. This method produces the 
moat perfect vacuum that can be formed. 

t Any other fluid may be used as well as mercury, provided the length of the 
tnbe tie extended in proportion to the specific gravity of the fluid. Thus, a tube 
filled with water must be 33 feet long, because the atmosphere will support a 
column of water of that height. Mercury is used, therefore, in the construction 
of the barometer, because it does not require so long a tube as any other fluid. 
It mav here be remarked, tiiat the air is the heaviest, and that, consequently, the 
mercury will rise liighest, in dry weather. In wet weather the dampness ren- 
ders the air less salubrious, and it appears, therefore, more heavy then, slthotigb 
it is, in fact, much lighter. 



. What Figure rapreoente a barometer? Explain its eonstruction. What is 
said, in the note, with regard to the vacuum produced by inverting a tube 
of mercury thus closed at the top i What height of mercury is the pressurs 
oT the atmosphere capable of sustaining ! . What eflbct has the pressure of 
the atmcsphere on the mercury in the tube f In what proportion does the mer- 
cnry rise and fall f In what way can barometers be made of other flu*d<i * 
Why is mercury used in preference to any other fluid f Is the air heaviest in 
wet or dry weather.' 407. On what principle is the pressure of the atmosphere 
on the mercury, in the cup of a barometer, exerted f What follows fi-om this ' 
For what oilier purpose, beside measuring the pressure of the atmosphere and 
fisretelling the variations of the weniher, is the barometer used I Is the air the 
more denae, at Che surface of the earth or upou a hill f 
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ascerlaia the height of mountaioa and other places above 



406. Fig, Si rrpnaenta ■ therntotiwler. (SM Jfo. 
an ) In sppearMice it teiemblea « barometrr, but it is 
ted on « diSerent principle, md Tor a difitrrnl 
It conaiitf of a eanillnry tube, olowd it the 
'■rminkled ■ "^ - ^-'^ -•-:-•- - "■--■ -■->- 
Aa hea < 



Cded did will n 



ill ri«e 



1 the n 



,and 



It becomea a correct meuiire fbr the heat 
and cold of the nir. A icile | ii placed at the aidr of 
the tube, to mark the degree nrheal nr cold, a* H ia in- 
dicated by the ate and fall of tlie mereurf in the capil- 

4M. The hjgrometer, for meaaiiring the degree of 
moiature in the aitS may hr conatructed of any thing 
which contracta and eipanda by the tnoiature or Jry- 
nen of th>^ olmoHpherc, — such as mngt Itinda of vood ; 
eatgat, twisted cord, the beard of wild onta, >&c. 

h la acareeLy III flir re«;iLmllcm, i>r1>reatitliif; mid ihe eNpamlnn which lalua 

Bian diauatloH, and aDinctiiiiBif CHiuen (he burailnforilu •mailer lila«t'V«wl^ 

baalanlcfildi Itor.lhoHti i1iepiIiiiA«ptienlaliiteiriraBip(irciiLt,ltBle«flrnaiaiiB 
abmnd «lih nponaiideihalalHinaftain ilkecanb. whtch flnal la li.anirMt, 
ia tKB* ilatrae, ai a snierii^, whlcb prearsrva na eqinllv IVoiq iba Idisih:!) oT 

t Aay Mbar ll<|aid vklcb iaetinnded hylient uni eonlnctsd by eoM, agchaa 
apirita oTwIae, Ao., will anwer IMead or nierciiry. 

t Ther* an wrenl diUhrent icalni applied lo Ilie IherniDmelgr, of wbleb 
Ibownf FabRahcll.ReHiinur, Dii1i>laaiul Celiiiia an thi girincljnl. Tbe (bar- 



tau ralwd rrom IheRmuml by Ihehealoflbaauii. Dr. Wauon Duad 



I ■ Ihinnoiiielerr Eipialnllarnnalritcllon. Wbalsflhiit 
nnal •ahaUncea I Whal ft>Mov>a IVgni tllla > Wlinat 
ilhiacminiryf For wHM ,. ihehypomrler uaedf Of 
may II be conaIruci»t f Wbat eipcrdnenl la ilTen In 
■nlily dT moliliira talaeil Snm Iba tmand bjr Itae bsal 
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410. The pressure of the atmosphere on the surface 
of a well, or any other portion of water, is the means hy 
which water is raised by the common pump. By the 
act of pumping, the pressure of the atmosphere is re- 
moved from the water within the body of the pump, and 
the water, consequently,' will rise. 

411. Fig. 84 represents the common pump, called FIf* M. 
the sacking pump. The body consists of a large tube, 
or pipe, the lower end of which is to be immersed in 
the water which it is designed to rai»e. P is the pis- 
ton, V a yalve in the piston, which, opening upwards, 
admits the water to rise through it, but prevents its re- 
turn, y is a similar valve in the body of the pump, below 
the piston. When tne pump is not in action the valves 
are closed by their own weight ; but when the piston is 
raised it draws up the column of water which rested 
upon it, producing a vacuum between the piston and 
the lower valve x . The water below, immediately 
I'nshes through the lower valve, and fills the vacuum. 
When the piston descends a second time, the water in 
the body of the pump passes through the valve V, and 
on the ascent of the piston is lifted up by the piston, 
and a yacuum is again formed below, which is imme. 
diately filled by the water rushing through the lower 
valve T. In this manner the body of the pump is filled 
with water, until it reaches the spout S, where it rans 
out in an interrupted stream.* 

hiside. The moath of the glass was twenty square inches. 

There are 1296 square inches in a square yard, and 4840 square 

vards in an acre. When the glass had stood a quarter of an 

hour, he wiiied it with a piece of muslin, the weight of which 

had been previously ascertained. When the glass had been wiped dry, lis 

again weighed the muslin, and found that its weight had been increased six 

grains, by the water collected flriftn twenty square inches of earth; a quantity 

equal to 1600 gallons, flrom an acre, in twelve hours. Another experiment, 

after raiu had Ihllen, gave a much larger quantity. [5ee Number 48 I 

When the atmosphere is colder than the earth, the vapor, which arises flrom 
the ground, or a body of water, is Sondensed and becomes visible. This is the 
way that rog is produced. When the earth is colder than the atmoxphere, the 
Bioisture in the atmosphere condenses in the fbrm of dew, on the groand, or 
other surfluces. 

Clouds are nothing more than vapor, condensed by the cold of the upper r^ 
gioDs of the atmosphere. 

Rain is produced by the sudden cooling of large quantities of watery vapor. 

8dow and hail are produced in a similar manner, and diflbr (torn raiu, only 
by the degree of cold which produces them. 

* The handle of a common pump is a lever of the first kind, the shorter arm 
oTwhich is connected with the piston. When the handle is pressed down, the 
piston ascends. The valves, and the parts which contain them, are, in common 
language, called *^ boxes.** 

How Is fbg produced f What are clouds f How is rain produced ' How are 
SDOW and hail produced f 410. By what means is water raised in the commoa 
pnmp f How is the pressure removed f What Fig. represents the commtm 
pamp ? Explain it. Which of the mechanical powers is the handle of vAf 
pnmpf 
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412. Wtlrr can be nitti b; the preware of ths mtincM|dMi« 
only ibaiit X! feet; bDcauK the weight or pmaure of the &tiiK>. 
phrre ia cquiil to the wpiglit of ■ cnluiiin oT water oT thit heifU 
Onlf . But the common pump 1b »o ennilractrd, that after the pm. 
mir or ilie atinoaphpre has (oceed the water thnm^ the tbItc ta 
Um bod; of the pump, and the deacent at the piiton hai (breed il 
through the valve in the pinion, it i> t^ed up, when the pifton It 
nieed. For tJiis leamn the pump ii aoinetiinea ctllrd the l^hf 
pump. The dialanoc of the lower Tilre fhim the auAce of IM 
witer mual neier exceed 33 feet ; and in pr&etjco it moat l» 
much leas. 

413. The forcitig pump difiera from tha commM 
putnp in having a forcing power added to ruse the irator 
to any desired height. 

Tie, 83 lepreients the fnrcing 
The bod; and lower valve 



to Ihoee in the common pump. The . 


T 


pi.lOB P h» no valve, but 1* lolid ; * ZJ 


when, therefore, the vacuum ii pro- 


J 


duoeJ above the lower valve, tlie water 




on the deacent of the piaton ia forced 


£ 






■ir veaael R, where it compreaaea the 


V 


•ir .hove it. The ijr, b? ita elsatioity. 


force* the water out Ihroaoh the jet J f^ 
in It continued stream and with great 4t 


force. It ia on thia principle that fire 


ensines are conalructed. 


in itia aubatitoled for the air v<4sel ; the 


/\ 




■Ircam. but not with so much foice. 

415. Wind is air put in motion. • 

410. Explanation. When an j portion of the almotpl: 
It Lccoroes nrelied, ita ipecific gravity ia diminiahed, auu ii, cour 
quently riaea. 'I'he adjscent porlians imniediatelT raah into ill 
plnce to restore the equilibrium. Thia notion pnidnce* a ourreal 
which Tuahea into the rarelied apot from all direoUon*. Tfaia ii 
what we call wind. The portiuns north of the rarcGed anot, pr» 
: thnae to the aoulh produce ■ aoutn wind;' 



while Ihoae to the e. 
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moving in opposite directions. At the rarefied spot, agitated as it 
is bj winds from all directions, turbulent and boisterous weather, 
whirlwinds, hurricanes, rain, thunder and lightning prevail. This 
Idnd of weaUier occurs most frequently in the torrid zone, where 
the heat is greatest. The air being more rarefied there than in anj 
other part of the globe, is lighter, and, consequently, ascends ; tiiat 
about the polar regions is continually flowing from the poles to tlia 
equator, to restore the equilibrium ; while Uie air rising from the 
equator flows in an upper current towards the poles, so tliat tlie 
polar regions may not be exhausted * A regular east wind prevails 
about the equator, caused by the rarefkction of the air produced by 
the son in his daily course from east to west. This wind, oombin* 
ing with that from tlie poles, causes a constant norliicast wind, for 
abcmt thirty degrees north of tlie equator, and a southeast wind at 
the same ddstance south of the equator. 

* From what has now been said, it appsara, that tberp to a circnlation of air hi 
the atino«phere ; th« air in the lower strata fluofiing Inuii the pole* to tlie equ»» 
tor; aiul in the upper ntrata flowinir back from ihe eqiiittur to the polen. It 
may here be remarked, that the fierioifical winds are more ret^iilar at turn than 
on the iand ; aiid the rcaaoii of this is that the land refleciH iuK* the atmosphere 
a much greater quantity of the suu*s rays thau the wnter; iherefnre, tliai |»art 
of the atmiMithere wliich is over the laud is more heated and rarefleil than that 
which is over tlie sea ; this occasions the wind to nel in upon the land, as we 
flud it rfgularly does ou the cohmI of Guinea and other coimiries iu Ihe torrid 
tone. There are certain winds called trade-winds, (he theory of which mav Im 
easily explained, on ihe principle uf rarefaction, aflbcted as it is by ibe reli- ive 
position of the diflferent parts of the earth with the sun, nt different McasonH of 
the year and at various parts of the day. A knowledge of the laws, by which 
these winds are controljfd, is of importance to the mariner. When ilte piisi- 
tion of the sun, with respect to the diflfereiit por«iiions of Ihe earth at the 
different seas<ms of the >ear is understood, it will be Keen that ihey all de- 
pend upon the same priiicipk. The reasmi ihai tiie wind icenerally sub- 
sides Ht the going down of the sun is, that ihe rarefaction of ihe air, in the 
particular spot which produces the wiml, dinlini^he!$ as the sun declines, and 
ccmseqiientiy tlie force of ttie wind abntes. l*he great variety of winds in the 
teiniNfrate zones is thus explained. The air is an exreedin^ly elastic fluid, 
yielding lo the slightest pressure; the agitations in it, therelure, caused by the 
regular windn, whose causes have been expiaiiieil, niiiM e\ien«i every way to m 
great distance; and the air, thei'efine, in all cliiiiaie^i will siifTer more or less 
perturbation, according to the sitnaCion of the cfniniry, the position of inonu- 
tains, valleys, and a variety of other causes. Henre every climate must be 
liable to variable winds The qurMty of winds is affected by the countries over 
which Ihey pal^s; ami they are so?netinies rendereil |ie:«tilential by the heat of 
deserts, or the putrid exhalatiinis of marshes and lalies. Thus, flrom the deserts 
of Africa, Arabia, niid the neighboring countries, a liot wind blows, called .Vitmic/, 
or Simoom, which sometimes produces instant death. A similar wind Idows 
from the desert of Sahara, U|ion the western coast of Africa, called the ffarmtU^ 
Con, producing a dryness and heat which is almost insupportable, acorcbiug like 
the blasts of a fbrnace. 



What kind of weather prevails at the rarefied spot i Where does this kind 
of weather i»ccur most frequently f What causes a regular east wiml to prevail 
atMHit Ihe equator i Why are the pericalical winds more regular at sea than ou 
the laiul .' How woiikl you account for the winds called trade>wiiiils. monsoona, 
Ac. What is the reason that the wind generally sul»suies at the going down of 
tile Klin } flow can the great variety of winds, in the KMuperaie zones be e«- 
plained f By what ia llie qu •lity of winds affccteil f What is that wind called 
which blows from the desects of Aralda aud Africa? What is that called 
which blows from the desert of Sahara? 
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SECTION XII. 
AcousUcB. 

417. Acoustics is the science which treats of th9 
nature and laws of sound. It includes the theory of 
musical concord or harmony. 

418. Sound is caused by a tremulous or vibratory 
molion of the air. 

419. Illustration. If a bcll be rung under an exhausted receiver^ 
no dound can be heard from it ; but when the air is admitted to 
surround the bell, the vibrations immediately produce sound. 

420. Again, if the experiment be made by inclosing the bell m a. 
small receiver, full of air, and placing that under anoUier receiver,, 
fn>m which the air can be withdrawn, though the bell, when struck^ 
must tlien produce sound, as usual, yet it wilt not be heard if the' 
outer receiver be well exhausted, and care be taken to prevent the 
vibrations from being communicated through any s«)]id part of the 
apparatus', because there is no medium through which the vibnk' 
tions of the bell, in the smaller receiver, can to communicated U^ 
the ear. 

421. Sounds are louder when the air surrounding th» 
sonorous body is dense, than when it is in a rarefied 
state. 

422. For this reason the sound of a belt is louder in cold than in 
warm weather ; and sound of any kind is transmitted to a greater 
distance in cold, clear weather, than in a warm sultry day. On the 
tops of mountiiins, &c., where the air is rare, the human voice can 
be heard only at tlie distance of a few rods ; and the firing of a gun 
produces a sound scarcely louder than the cracking of a Whip. 

423. Sonorous bodies are those which produce clear, 
distinct, regular, and durable sounds, such as a bcll, a 
drum, wind instruments, musical strings, and glasses. 
These vibrations can be communicated to a distance 
not only through the air, but also through liquids and 
solid bodies. 



417 What is that science called which treats or tbe nature and lawsofsnnnd' 
What (locj* it iiicliiiie * 418. Whai cauHes sound f What illust rations aregirea 
to prove I his > 421. In what proportion are sounds lond or faiitt .' Why dor* 
a lit,>l sound louder in cold than in warm weathi*r f Why is sound fiiinier oa 
tbe io|i ol' a uiountaiu, than nearer the aurrace of the earth f 42;^. What ar 
•ouoruus bodies ? 



ACOUSTICS. 86 

424. Bodies owe their sonorous property to their 
eJasticity.* 

425. The sound produced by a musical string is 
caused by its vibrations ; and the height or depth of 
the tone depends upon the rapidity of these vibrations. 
Long strings vibrate with less rapidity than short ones, 
and for this reason the low tones in a musical instru- 
ment proceed from the long strings, and the high tones 
from the short ones. 

426. lUustration. Fig. 86, A B represents a musical string. If 
it be drawn up 
to G, its elastic- FIf . 86. 



tj will not onlv 




whence it will 
successively re- 
turn to T, F, C, D, di>c., until the resistance of the air entirely de- 
itrovs its motion. 

T*he vibrations of a sonorous body give a tremulous motion to 
the air around it, similar to the motion communicated to smooth 
water when a stone is thrown into it. 

427. The science of harmony is founded on the rela> 
tion which the vibrations of sonorous bodies have to 
each other. 

426. Thus when the vibrations of one string are double those of 
another^ the chord of an octave is produced. If the vibrations of two 
■tringrs be as two to three, the chord of a fiflh is produced, t When 
the vibrations of two strings frequently coincide, they produce a 
musical chord ; and when the coincidence of the vibrations is sel- 
dom, a discord \a produced. 

* Although it is undoubtedly the caae that hH flfonorous bodiea are elutic, it 
Is not to be inferred that all elastic bodies are sonorous. 

t When music is made by the use or strings the air is struck by the body, and 
tike sound is caused by the vibrations ; when it is made by pipes, the body it 
struck by the air } but as action and reaction are equal, the effbct is the same 
Ib i>oth cases. 

424. To what do sonorous bodies owe their sonorous property { Are all 
Mastic -bodies sonorous f 425. What causes the sound produosd by a musiral 
string f Upon what does the height and depth if the tone depend ? Which 
strings, in a musical instrumeut, produce the low tones f Why f Explain Fig. 
•6. 427. Upon what is the science of harmony founded ? How is the cord m 
so octave produced ? How is the chord of a fifth produced f How is a muaieal 
dkord produced i A discord ? 

8 
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429. The quality of the sound produced by strings 
depends upon their length, their thickness or weight, and 
their degree of tension. The quality of the sound pro- 
duced by wind instruments depends upon t)ieir size, 
their length, and hollow diameters. 

430. Long and large strings, when loose, produce the lowest toaei; 
but differeni tnnes uiny be produced from the same string, accord- 
ing to the degree of tension, or the tightness with which it is 
drawn. Large wind instruments, also, produce the lowest tones; 
and (iifferenl tone:» niay be produced from the same instrument, ae- 
eording to tlie distance of the aperture for the escape of the wind, 
from tlic aperture where it enters ; or, which is the same thing, the 
length of that portion of the instrument which is struck by the sir. 
{See Note to JVb. 4-2ri.) 

431. The quality of the sound of all musical instra- 
ments is affected, in some degree, by the changes in 
the temperature and specific gravity of the atmosphere, 
or the air in the room. 

432. As heat expands and cold contracts the materials of which 
the instrument is made, it follows, that the string will have a greater 
degree of tension, and that pipes and other wind instruments will be 
contracted, or shortened, in cold weather. For this reason, most 
musical instruments are higher in tone, (or sharper,) in winter, or 
cold weather, and lower in tone, (or more flat,) in summer, or in 
warm weather. 

433. Sound is communicated more rapidly and with 
greater power through solid bodies, than through the 
air, or fluids. It is conducted by water about four 
times quicker than by air, and by solids about twice as 
rapidly as by water. 

434. If a person lay his head on a long piece of timber, he can 
hear the scratch of a pin at the other end, while it could not be 
beard through the air 

435. By placing the ear against a long, dry, brick wall, and 
causing a person to strike it once with a hammer, the sound will be 
heatd ticice, because the wall will convey it with greater rapidity 
than the air, though each will bring it to tlie ear. 

429. Upon what does the quHlity of the sound produced by strings depend f 
Upon what di)eii that prodiK'eil by wind iuKtrumeiits depend i 490. What 
strings produce the lowetit tones r IIuw may different tones be produosd 
fVoin the 8urne string f How may different tones be produced flrom the same 
wind instrument? 431. What, in some de;;ree, affects the quality of the sound 
of all niutsical instruments i 432. What effect has heat and cold on the mate- 
lials of which the insiruinent is made .' What follows from this * Why are 
■lost musical iiistrnments higher in tone, or sharper, in cold weather f '43S. 
Through which is sound communicated more rapidly, and with greater power, 
through solid bodies, or the air? How fast is it conducted by water ' How 
fast by solids i 434, 4SS. What examples are given to show that sound is com- 
muuicated more rapidly through solid bodies than the air or fluids i 
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4!X. The Stetfaescope is an instrument depending ^" '^^^ power 
of solid bodies to convey sound. It consists of a wooden cylinder. 
one end of which is applied firmly to the breast, while the other end 
is brought |p the ear. By this means the action of the lungs, and 
other internal parts of the human body, may be distinctly heard. 
The instrument, therefore, becomes useful in the hands cf a tkilful 
physician, to ascertain the state of the internal organs. 

437. Sound, passing through the air, moves at the 
rate of 1142 feet in a second of time. This is the case 
with all kinds of sound. 

438. The softest whisper flies as fast as the loudest thunder, and 
the force or direction of the wind makes but slight difference m its 
velocity. 

This uniform velocity of sound enables us to determine the dis- 
tance of an obiect from \^hich it proceeds. If, fur instance, the 
light,of a gun, fired at sea, be seen a half of a minute before the re- 
port is heard, the vessel must be at the distance of six miles and a 
half. In the same manner, the distance of a thunder cloud may be 
jucertained, by counting the seconds between the appearance of the 
lightning and the noise of the thunder, and multiplying them bj 
1142 feet. 

439. An echo is produced by the vibrations of the air 
meeting a hard and regular surface, such as a wall, a 
rock, mountain, &c., and being reflected back to the 
ear, thus producing the same sound a second and some- 
times a third and fourth time."*^ 

440. Speaking trumpets are constructed on the prin- 
eifde of the reflation of sound. 

A44L The voiee, instead of being diffused in the open air, is con- 
* From this it is evident that no edio can be heard at sea, or on an extensive 
plain ; I>ecau8e there is no object there to reflect the sound. An echo is heard 
4Mly wliai a person stands in such a situation as to hear both the original and 
the reflected sound . The pupil wtU doubtleKs recollect what has been said la 
mechanics with respect to the angles of incidence and reflection. [See nuntb'era 
147 and 148.] Sound (as well as light, as will be explained under the head of 
optics) is communicated and reflected by the same law, namely, that the angles 
«f iacideaoe and reflection are always equaL It ^ not difficult, therefore, to 
ascertain the diisection in which sound will proceed, whether it be direct or re* 
fleeted. It is related of Dionysius, the tyrant of Sicily, that he had a dungeon, 
CpaDed the ear of DionysiusO i" which the roof was so constructed as to collect 
%be words» and even the whispers, of the prisoflfers confined therein, and direct 
Ihem al(Mig a hidden conductor to the place where he sat to listen : and thus he 
Itecame acquainted with the most a^pret expressions of his unhappy victims. 

436. What is a stethescope f Of what does it consist f For what is it used f 
48?. Bow Ikst does sound move f 438. Does the (brce or direction of Die wind 
laake any difference in its velocity f What advantage results fi-oni this uniform 
^rdocity of sound ? How can the distance of a thunder cloud be ascertained? 
439., 9ow is an echo produced ? Note. Why cannot an echo be heard at s^ 
■oroa an extensive plain f How must a person stand in order to hear an echo/ 
Bv what law is sound communicated and reflected f What anecdote is related 
ofbionysins? 440. Upon what principle are speaking trumpets constructed' 
Ml. Explain the manner in which the vibrations of the air are reflected. 
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fined within th^ trumpet; and the Tibrations which spread and fiill 
against the sidcNS of the instrumient are reflected according to tht 
angle of incidence, and fall in the direction of the Tibrationa, which 
proceed straight forward. The whole of the vibrations are thus 
collected into a focus ; and if the ear be situated in or near that qwt, 
the sound is prodigiously increased. 

44Q. Hearing trumpets, or the trumpets used by deaf persons, are 
also constructed on the same principle ; but as the voice enters the 
large end of the trumpet, instead of the small one, it is not so nmeh 
confined, nor so much increased. 

443. The musical instrument called the trumpet, acts, also, on tiie 
same principle with the speaking trumpet, so far as its form tends 
to increase the sound.* 

444. Sound, like light, afler it has been reflected 
from several places, may be collected into one point, as 
a focus, where it will be more audible than in any other 
part ; and on this principle whispering galleries may be 
constructed. 

445. The famous whispering gallery in the dome of St. Paul's 
church, in London, is constructed on this princii>le. Persons at 
very remote parts of the building can can^ on a conversation in a 
soil whisper, which will be distinctly audible to one another, while 
others in the building cannot hear it; and the ticking of a wateh 
may be heard from side to side. 

446. Sounds can be conveyed to a much greater 
distance through continuous tubes than through the 
open air. 

447. The tubes used to convey sounds are called acoustic tubes. 
They are much used in public houses, stores, counting rooms, Stc 
to convey communications from one room to another. 

448. The quality of sound is affected by the furniture 
of a room, particularly the softer kinds, such as curtains, 
carpets, &.c., because, having little elasticity, they pre- 
sent surfaces unfavorable to vibrations. 

449. For this reason ,%iusic always sounds better in rooms with 

* The smooth and polished surfkce of the interior parts of c^rtaia kinds of 
■hells, particularly if they be spiral or undulating, fit them to ccVect and nisei 
the various sounds which are tailing place in the vicinity. Hence the Cyprisi^ 
the Nautilus, and some other shells, when held near or in the ear, giTe a eoa- 
tinued sound, which resembles the roar ofthe distant ocean. 

442. Upon what principle are hearing trumpets constructed f 443. How te 
does the musical instrument, called the trumpet, act upen the principle of Um 
speaking trumpet i Note. How can the continued sound, given by some aheUi, 
when held near the ear, be explained f 444. Upon what principle may whis- 
pering galleries be constructed f 446. In what way can sounds be conveyed to 
a much greater distance than through the air f 447. What are the tabes, aaed 
to convey sounds, called ! 443. Why do the soflsr kinds of fUrniture in a rooiB 
aSect the quality ofthe sound f 
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%oe wiAi, without carpets, and without curtaini. For the miM 
r e Mft U, a crowded audience increases the difficulty of speaking. 

As a jveneral rule, it may be stated, that plane and smootii suiu 
Ikees revBct sound without dispersinir it, convex surfaces disperse 
it, and ooacaTe surfaces collect it. 

450. The air is a better conductor of sound when it is 
Immid than when it is dry. 

^1. A bell can be more distinctly heard just before a rain ; and 
sound is heard better in the ni^ht than in the day, because the air is 
^eaerally more damp in the night. 

452. The distance to #hich sound may be heard depends upon 
^Muious ctreumstances, on which no definite calculations can be 
nredioated. Volcanoes, among the Andes, in South America, hare 
ieea heard at the distance of three hundred miles; naval engage- 
ments have been heard two hundred ; and «ven the watchword 
^ jSWs toell" pronounced by the unassisted human voice, has been 
jieard firom Old to New Gibraltar, a distance of twelve miles. 

453. The sound of the human voice is produced by 
the vibration of two delicate membranes, situated at the 
top of the windpipe, and between which the air from the 
]ungs passes. The tones are varied from grave to 
«cute, by opening or contracting the passage ; and they 
are regulated by the muscles belonging to the throat, 
by the tongue and by the cheeks. 

454. The management of the voice depends much upon cuHiva* 
Hon ; and although many persons can both speak and sin^ with 
ease, and with sreat power, without much attention to its culture, 
yet it is found mat those who cultivate their voices by use, acquire 
a degree of flexibility and ease in its management, which, in a great 
measure, supplies the deficiency of nature.* 

455. Ventriloquismf is the art of speaking in such a 
manner as to cause the voice to appear to proceed froia 
a distance. 

* The reader it referred to Dr. Rush's very valuable work on the "Ph{Toso> 
tfhy of the Human Voice," for plain and practical instructions on this subject. 
Dr. Barber's ** Grammar of Elocution," and Parker's " Progressive Exercises In 
fthetorical Reading" likewise contain the same instructions, in a practical 
Ibnn. To the work of Dr. Rush, both of the latter mentioned works are largely 
■indebted. 

t The ward ventriloquism literally means, ** sptakinf^ from the betly^^'* and it 
la so defined in Chambers' Dictionary of Arts and Sciences. The ventriloquist, 
\f!f a aiDguIar management of the "Voice, seems to have it in his power *' to throw 
Nt voice'** in any direction, so that the souud shall appear to proceed frnin that 
qpot. TIm words are pronounced by the organs usually employed for that pu^• 

What general rule is given with regard tothe reflection of sound ? 4^0. la 
tfM air a better conductor when it is humid, or when it is dry f 451. Why can 
a soQiid be heard better In the night than in the day ? 453. How is the sound 
-af the hnmaa voice produced ? How are the tones varied and regulated? 
4M. Upon what does the management of the voice depend ? 455. VSThat Ja 
^antrUoaaiflm f 
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466. The art of ventriloquism was not unknown to the aneienli; 
and it is supposed by some authors that the famous responses of ths 
oracles, at Delphi, at Ephesus, &c., were delivered by persons who 
possessed this faculty. There is no doubt that many apparently 
wonderful pieces of deception, which, in the days of superstitioB 
and ignorance, were considered as litile short of miracles, were pe^ 
formed by means of ventriloquism. Thus houses have been roads 
to appear haunted, voices have been heard from tombs, and ths 
dead have been made to appear to speak, to the great dismay of ths 
neighborhood, by means of this wonderful art. 

4o7. Ventriloquism is, without doubt, in great measure the gift 
of nature; but many persons can, with a little practif», utter 
sounds and pronounce words without opening the lips or moviof 
the muscles of the face ; and this appears to he the great secret Jt 
the art. 



SECTION XIII. 
Pyronomics, or the Laws of Heal, 

458. Pyronomics is the science which treats of tlfe 
itfws, the properties, and operations of heat. 

459. The nature of heat is unknown ; but it has been proved 
that the addition of heat to any substance produces no perceptible 
alteration in the weight of that substance. Hence it is inferred 
"that heat has no weight. 

pose, but in such a manner as to give little or no raotion to the lips, the organf 
chiefly concerned being ihofie of the throat and tongue. The variety ofaouiidi 
which the human voice is capable of thus producing is altogether beyond euoi- 
non belief, and, indeed, is truly surprising. Adepts in this art will mimic the 
▼oices of all ages and conditions of human life, .from the smallest infant to the 
tremulous voice of tottering age ; and (Vom the intoxicated foreign beggar to ths 
high bred, artificial tones of the fhshionable lady. Some will also imitate tlie 
warbling of the nightingale, the loud tones of the whip-poor-will, and ths 
■cream of the peacock, with equal truth and facility. Nor are these arts con- 
flned to professed imitators ; for in many villages boys may be found, who srs 
tn the habit of imitating the brawling and spitting of cats, in such a manner ss 
to deceive almost every hearer. 

The human voice is also capable of imitating almost every inanimate soioid. 
Thus the turning and occasional creaking of a grindstone, with the rush of the 
water, the sawing of wood, the truniiliiig and creaking of a wheel-barrow, tks 
drawing of bottle corks, and the gurgling of the flowing liquor, the sound of sir 
rushing through a crevice on a wintry nitfht, and a great variety of other noises 
of the same kind, are imitated by tlie voice so e.xactly, as to deceive any hearM 
who does not know whence they proceed. 

^ ■ - -- II -■ 

456. Was this art known to the ancients.' What is supposed, by some an 
thors, concerning the responses at Delphi, Ephesus, &c. f 437. Is ventrilo* 
4liii8m a natural gi(\, or an acquired one .' 458. Of what does pyronomica treat t 
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460. Heat panes through some bodies with more difficulty than 
through others ; but there is no Ixxij nor any kind of matter whieh 
can completely arrest its progress. 

461. Heat is generally known by the name of Calpric. 
There are two kinds of heat ; or, rather, heat exists in 
two states, called tree and latent. Free heat, or free 
caloric, is that which is perceptible to the senses, as the 
heat of a fire, the heat of the sun, &c. Latent heat is 
that which exists in most kinds of substances, but is not 
perceptible to the senses, until it is brought out by me- 
chanical or chemical action. 

462. Thus, when a piece of cold iron is hammered upon an auTil 
it becomes intensely heated ; and when a small portion of sol* - 
phnric acid, or vitriol, is poured into a phial of cold water, ths 
phial and the liquid immediately become hot. 

463. A further illuHtration of the existence of latent or concealed 
heat is given at the fireside every day. A portion of cold fuel is 
placed upon the grate or hearth, and a spark is applied to kindle the 
fire which warms us. It is evident that the heat given out by the 
fuel, when ignited, does not all proceed from the spark, nor can we 
pAtseive it in the fuel ; it must, therefore, have existed somewhere 
m a latent state. It is, however, the effects of free heat, or free ca- 
loric, which are embraced in the science of py ronomics. The subject 
of latent heat belongs more properly to the science of chemistry. 

^ 464. The terms heat and cold, as they are generally 
used, are merely relative terms ; for a substance which 
in one person would excite the sensation of heat, might, 
at the same time, seem cold to another. 

465. Thus, also, to the same individual, the same thing may be 
made to appear, relatively, both warm and cold. If, fiir instance, a 
person were to hold one hand near to a warm fire, and the other on 
a cold stone, or marble slab, and then plunge both into a basin of 
lukewarm water, the liquid would appear cold to the warm hand 
and warm to the cold one. 

466. The principal effects of heat, on bodies to which 
it is applied, are three ; namely, First, heat dilates or 
increases the extension of all bodies, whether solid, li- 
quid, or in the form of air, or gas. 

Thus, metals, wood, and other substances, are expanded by the 
application of heat. 

What is stated in No. 459 with regard to heat f 460. Can the progress of 
heat be arrested f 461. What is caloric f In what two states does heat exist f 
What is free heat ? Give some examples of free heat. What is latent heat f 
Give some examples of latent heat f 464. How are the terms, heat and cold 
generally used f What illustration of this is given f 466. What are the (hres 
principal effects of heat on bodies to which it is appliea ' Give an example at 
eadi effect f 
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Secondhf heat when applied in sufficient quantity to 

many kinds of substances, transforms them firom a solid 

to a fluid state. 

Thus, metals, fflaM* and many other substaaces can be melted by 
the application of a sufficient degree of heat. 

7[%irdly, heat, when applied in its greatest degree, 
destroys the texture of many kinds of substances by 
combustion. 

Thus, wood, coal, and other substances are burnt up by the a|^ 
plication of heat. 

467. The sources from which heat is derived are, 
Fir»t, from the sun, in connexion with light. Secondly, 
from mechanical operations, such as friction, percus- 
sion, compression, &c. Thirdly, from a variety of 
chemical operations, especially combustion ; and Four^ 
ly, from living animals and vegetables. 

468. Heat tends to diffuse itself equally through aH 
substances. 

If a heated body be placed near a cold one, the temperature of the 
former will be lowered, while that of the latter will be raised. 

469. All substances contain a certain quantity of heat ; but, by Hs 
tendency to diffuse itself equally, and the difference in the power of 
xlifferent substances, to conduct it, bodies of the same absolute tem- 
peratnre appear to possess different degrees of heat. 

470. Thus, if the hand be successively applied to a woollen gar- 
ment, a mahogany table, and a marble slab, all of which have stood 
for some time in the same room, the woollen garment will appear 
the warmest, and the marble slab the coldest of the three articles; 
but if a thermometer be applied to each, no di^rence in the tempe- 
rature will be observed. 

471 . From this it appears, that some substances conduct heat 
readily, and others with great difficulty. The reason that the mar- 
ble slab seems the coldest, is, that marble, being a good conductor 
of heat, receives the heat from the hand so readily that the loss is 
instantly felt by the hand ; while the woollen garment, bein^ a bad 
condu3tor of heat, receives the heat from the hand so slowly that 
the loss is Imperceptible. 

472. The different power of receiving and conducting 
heat, possessed by different substances, is the cause of 
the diffierence in the warmth of various substances used 
for clothing. 

467. What are the sources flrom which heat is derived ? 468. In what wif 

dnet heat tend to diffb^e itself? 469. Why do bodies of the same absolute tem- 

^'nre appear to possess different tiegrees of heat ? What Illustration of this 

-*n ; What appears from this ? 472. What causes the difibrence in ttw 

' of substances used for clothing ? 
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473. Thus, woollen gumentM are wann jptfments, becauae ther 
part slowly with the heat which they acquire from the body, ana, 
consequently, they do not readily convey the warmth of the body 
to tlie air ', while, on the contrary, a linen garment is a cool one, 
because it parts with its heat readily, and as readily receives fresh 
heat from the body. It is, therefore, constantly receiving heat front 
the body and throwing it out into the air, wnile the woollen gar^ 
ment retains the heat which it receives, and thus encases tlie bo^f 
with a warm covering. 

For a similar reason ice, in summer, is wrapped in wooUea 
cloths. It is then protected from the heat of the air, and will not 
melt. 

474. Heat is received and conducted with the grea^ 
est readiness by metals. 

475. For this reason wooden spoons and forks are used in prefer* 
ence to silver ones, to take ice from a plate. The spoon is of tiM 
same temperature with all other articles in the room ; and if it b« 
of silver, or any other metal, it readily communicates its heat to tha 
ice and melts it, — but wooden spoons do not so readily part with 
their heat, and will not, therefore, melt the ice so readily. 

476. For the same reason, the handles of tea and cofiee pots are 
generally made of wood ; parting with their heat less readily than 
metallic ones, they are less likely to be inconvenient to the hand^ 
on account of their heat. 

477. All bodies, whether solid, liquid, or in the form 
of gas, when violently compressed or extended, become 
warm. 

478. Experiment, If a piece of India rubber be quiokly stretch 
ed and applied to the lip, a seuHible degree of beat will be felt. All 
iron bar, by being hammered, becomes red-hot; and even water, 
when strongly compressed, gives out heat. 

479. When air is forcibly compressed by driving down the pie- 
ton of a svringe, nearly closed at the end, great heat is produced. 
Syringes have been constructed on this principle for procuring fire, 
the heat, thus produced, being sufficient to kindle dry tinder. 

480. All substances, as they are afiected by heat, 
may be divided into two classes, namely, combustible or 
inflammable bodies, and incombustible or non-inflamma- 
ble bodies. 

481. Vegetable substances, charcoal, oils, most animal substan- 



Why are woollen garments warm f Why are linen ones cold f Why is tea 
wrapped in woollen in summer ? 474. By what is heat received and conducMdi 
with the greatest readiness ? Why are wooden simoons and forks sometimss 
naed in praference to silver ones i 477. What eflect is produced on ail bodies 
when violently compressed or extended f What experiments are here related 
to Illustrate this f What is said of the air when strongly compressed f 480. 
Into what classes are all substances, as aflbcted by heat, divided f 
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eefi, as hair, wool, horn, fat, and all metallic bodies, are combus- 
tible.* 

Stones, glass, salts, &c. are inoombastible. 

482. The pyrometert is an instrument to show the ex- 
pansion of bodies on the application of heat. It consists 
of a metallic bar or wire, with an index connected with 
one extremity. On the application of thp flame of a 
lamp, or heat from any other source, to any part of the 
bar, the bar expands and turns the index to show the 
degree of expansion. 

483. The most obvious and direct effect of beat on a 
foody, is to increase its extension in all directions. 

484. Coopers, wheelwrights, and other artificers, avail themselves 
of this property in fixing iron hoops on casks, and the tires or iroBS 
OB wheels. The hoop or tire having been heated, of coarse ex- 
pands, and being adapted in that state to the cask or the wheel, as 
the metal contracts in cooling, it dasps the parts very firmly to- 
gether.t ^ 

485. Heat not only expands metab, wood, &c. but 
also diflTerent kinds of stones, chalk, and especially 
glass. 

* The word combustible literally meaott thst whidi ean be barat as. Tbs 
pnpil Is relbrred to No. 49, page 6, (br some remarks with regard to the ctn^ 
siunptioB,or rather the alteration which talces place in bodies durinf coia* 
bastion. 

t Wedgewood*s pyrometer, the instrument commonly used for high tempera* 
tores, itteasofti heat by the contraction of day. 

X From what has been stated above, it will be seen, that an allowance shooM 
be made for the alteration of the dimensions in metallic beams or supporters, 
caused by the dilatation and contraction effected by the wsHther. In tbe iroa 
arches of Southwark bridge, over the Thames, the variation of the teroperatore 
of the air causes a difference of height, at different times, amounting to nearly 
80 inch. A happy application of this principle to the mechanic arts, was madii^ 
acne years ago, at Paris. The weight of the roof of a building, in the Consw- 
vatory of Arts and Trades, had pressed outweu-ds the side walls of the stractim^ 
and endangered its security. The following method was adopted to restore the 
perpendicular direction of the structure. Several holes were made in the wsUa, 
opposite to each ether, through which iron bars were introduced, whldi, 
streteM^ across the building, extended beyond the ouuide of the walls. Theat 
bars terminated in screws, at each end, to which large broad nuts were attach 
ed. Bach alternate bar was then heated by means of powerfbl lamps, and their 
lengths being thus increased, the nuts on the outside of the building were screw* 
ed up close to it, and the bars were suffered to cool. The powerful contractitm 
of the bars drew the walls of the building doaer together, and the same prooeaa 
being repeated, on all the bars, the walls were gradually and steadily restored 
to their upright position. 



What substances are combustible f What substances are ineombostlbls f 
482. What is a pyrometer f Of what does It consist f How does Wed^ 
wood^s pyrometer measure high temperatures f 483. What is the most obvl* 
008 and direct effect of heat on a body f What application of this prindple li 
related in the notef 485. What other substances, beside metals, woml, 4Mu 
AofiM he»t expand ' 
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486. These substances must, however, be (reed from moisture, 
otherwise heat, by dissipaAing the moisture, will occasion con- 
traction. 

The effect of heat and cold * in the expansion and contraction of 
glass, is an object of common observation ; for it is this expansioa 
aad contraction which causes so many acddents with glass articles. 
Thus, when hot water is suddenly poured into a cold glass, of anj 
form, the glass, if it have any thickness, will crack ; and, on the 
contrary, if cold water be poured into a heated glass vessel the nme 
ef^ct will be produced. The reason of which is thb : heat makes 
its way but slowly through glass ; the inner surface, therefore, when 
the hot water is poured mto it, becomes heated, and, of coune, dis- 
tended before the outer surface, and the irregalar expansion causei 
the vessel to break. There is less danger of fracture, therefore, 
when the glass is thin, because the beat readily penetrates it, and 
there is no irregular expansion.! 

487. The expansion caused by heat in solid and li- 
quid bodies differs in different substances ; but aeriform 
flutils all expand alike, and undergo uniform degrees of 
expansion at various temperatures. 

488. The expansion of solid bodies depends, in some degree, on 
the cohesion of their particles ; but as gases and vapors are mstitute 
of cohesion, heat operates on them without any opposing power. 

489. The density of all substances is augmented by 
cold, and diminished by heat. 

490. There is a remarkable exception to this remark, and that is 
in the case of water ; which, instead of contracting, expands at the 
fieezing point, or when it is frozen. This is the reason why nitch- 
ers, and other vessels, containing water and other similar fluids, are 
so of\en broken when the liqmd freezes in them. . For the same 

* Cold in merely the aheence of heat ; or rather, more properly ■peaUag, li^ 
fisrior degrees of heal are termed cold, 

t The glass chimneys, used for oil and gas burners, are often broken by behif 
suddenly placed, when cold, over a hot flame- The danger of llracture may be 
prerented Jt is said) by making a minute notch on the bottom of the tube, with 
a diamond. This precaution has been used in an establishment where six lamps 
were lighted every day, and not a single glass has been broken in nine years. 

Why must the substances be (Veed fVom moisture i What is said of the eflbct 
of heat and cold on glass f When hot water is suddenly poured into a cold 
flaas, why will the glass crack ? When cold water is applied to a heated glaiw. 
why will the glass crack f 487. Is the expansion caused by heat in solid ana 
Uquid bodies the same in all substances f How do aeriform fluids dift'er, in this 
respect, from solid and liquid bodies f Upon what does the expansion of solid 
bodies, in some degree, depend t Why has heat more power over gases and 
Tspora ? 489. What eflbct has heat and cold upon the density of all substan- 
ces f What exception is there to this remark i Why are the vessels, contaia- 
iag water, and other similar fluids, so oAen broken when the liquid flreezes in 
? 
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Kuon, ice floats* initead of finking in water ; for as its density ii 
diminished, its specific gravity is consequently diminished. 

491. Different bodies require different quantities of 

heat to raise them to the same temperature, and those 

which are heated with most difficulty retain their heat 

the longest. 

Thus oil becomes heated more speedily tlym water, and it like- 
wise cools more quickly. 

492. When heat is thrown upon a bright or polished 
surface it is reffected,! and the angle of reflection wilt 
be equal to the angle of incidence. [Set note to JVb. 
439, page 87, and numbers 147 and 148.] 

493. When a certain degree of heat is applied to 
water it converts the water into steam or vapor. The 
temperature of steam is always the same with that of 
the liquid from which it is formed, while it remains in 
contact with that liquid. When closely confined its 
elastic power is sufficient to burst the vessel in which it 
is confined. 

494. The elasticity or elastic force of steam is in^ 
creased and diminished by heat and eold. The amount 
of pressure, therefore, which it will exert depends on 
the temperature at which it is formed. 

* Were ft not for this remarkable property of water, large ponds and Takes, 
exposed to intense cold, would become solid manes of ice ; for if the ice, when 
ft>rmed on the snribce, were more dense, (that is^ more heary) than the water 
below, it would sink to the bottom, and the water above, freezing in Its turn, 
would also sink, until the whole body of the water would be frozen. The con 
sequence would be ibe total destruction of all creatures, <bc. in the water. But 
tts lightness causes it to continue on the surfhce, protecting the water belew 
flrom congelation. 

t Advantage has been taken of this property of heat in the construction of • 
sittiple apparatus fbr baking. It is a bright tin caMe having a cover inclim^ to* 
•wtrdn the fire in such a manner as to reflect the heat downwards. In thin man- 
ner use is made both of the direct heat of the fire, and the reflected heat, which 
would otherwise pass into the room. The whole apparatus, thus connected 
with the culinary department, is called, in New England, **Tfie Connecticut 
baker.»» 



Why does ice float upon the water instead of sinking in it ? What Is stated; 
In the note, with regard to this property of water f 491. Can all bodies be rats, 
ad to the same temperature by the same quantities of heat f What bn4iif>ii re- 
tain their heat the longest f 492. What becomes of the heat which is thrown 
npon a brigiit or polished surftice { How do the angles of incidence and rpflee- 
tion compare with each other? 493. When is water converted into steam or 
Taper? How does the temperature of the steam compare with that f»f the 
nquid (irom which it is fbrmed, while it remains in contact with that liqiiifl i 
4^. By what is the elasticity of steam increased and diminished ? Upon what 
does the amount of pressure, which steam exerts, depend i 
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495. The great and pecaliar property of steam, on which ita me- 
chanical agencies depend, is its power of creating, at one moment, 
a high degree of elastic force, and losing it instantaneously by the 
next moment. 

496. The steam engino is a machine moved by the 
expansive force of steam or vapor. 

4iJ7. The steam or vapor of water occupies a space about 170O 
times larger than water. If, therefore, the steam which fills tht 
chamber of a cylinder be aaddenly converted into water, it iviU 
occupv a much smaller space, and produce a vacuum in the 
cylinder. 

41)6. The mode in which steam is made to act is by causing it fa 
raise a solid piston, accurately fitted to the bore of a cylinder, like 
that in the forcing pump. 

ay}. The piston rod rises by the impulse of expanding steam, ad- 
milted into the cylinder below. When the piston is thus raised, if 
the steam below it be suddenly condensed, or withdrawn from un- 
der it, a vacuum will be formed, and . the pressure of the atmos- 
phere on the piston above will drive it down. The admission of 
more steam below it wul raise it again, and thus a continued motiom 
of the piston, up and down, will be produced. This motion of the 
pistou is communicated to whe^'ls, levers, and other machinery, in 
loch a manner as to produce the effect intended. 

This is the mode in which the engine of Newcomen and Savery,. 
commonly called the atmospheric enirine, was constructed. 

500. The celebrated Mr. James Watt introduced two important 
improvements into the steam engine. Observing that the cooling 
of the cylinder by the water thrown into it to condense the steam, 
lessened the expansibility of the steam; he contrived a method to> 
withdraw the steam from the principal cylinder, after it had per- 
formed its office, into a condensing chamber, where it is recon- 
verted into water, and conveyed back to the boiler. 

501. The other improvement consists in substituting the expan- 
live power of steam for the atmospheric pressure. This was per- 
formed by admitting the steam into the cylinder above the raised 
piston, at the same moment that it is removed from below it; and 
thus the power of steam is exerted in the descending as well as in 
the ascending stroke of the piston ; and a much greater impetus is 
given to the machinery than by the former method. From the 
aaublB action of the steam above, as well as below the piston, and 
from the condensation of the steam, afler it had performed its 
office, this engine is called Watt's double acting condensing steam 
engine. Y>A 

502. lUnstration, Fig. 87 represents that portion of the steam en- 
gine in which steam is made to act, and propel such machinery as 
may be connected with it. The principal parts are the boiler, the 

495. What Is the great and peculiar proporty of steam, on which its mechan- 
Jeal agencies depend .' 496. What is the steam enfrine ? 497. flow much larger 
space does steam occupy than water f 498. By what mode is steam made to 
met f 499. By what impulse does the piston rise f What causes the piston to 
descend ? 500. What improvement did Mr. Watt introduce into the steaai 
•Dgins f 502. What does Fig. 87 represent f 

9 
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means the piston is forced ap again with the same power as that 
with which it descended. Thus the steam cocks G and P and F 
and Q are alternately opened and closed ; the steam passing from 
the boiler drives the piston alternately upwards and downwards, 
and thus produces a regular and continued motion. This motion of 
the piston, being communicated to the working beam, is liy that 
beam communicated to other machinery, and thus an engine of 
great power is obtained. 

The air pump M, the rod of which is connected with the work- 
ing beam, carries the water from the condenser back into the boil- 
er, by a communication represented in Fig. 88. 

The safety valve R is made to open when the pressure of the 
steam within the boiler is too great. The steam then rushing 
through iae aperture under the valve, removes the danger of the 
borstiag of the boiler. 

503. The steam engine* is constructed in various 
forms ; the principal of which are the high and the low 
pressure engines ; or, as they are sometimes called, the 
noiiHcondensing and the condensing engines. 

504* The non-condensing or high pressure engines differ from 
the low pressure or condensing engines in having no condenser. 
The steam, after having movea the piston, is let off into the open 
«ir. As tins kind of engine occupies less space, and is much less 
complicated, it is generally used on railroads. 

5(fe. In the low pressure or condensing engines, the steam, after 
having moved the piston^ is condensed, or converted into water, 
and then conducted back into the boiler. 

* The steam engine, as it is constructed at the present day, is the result of the 
inventions and discoveries of a numtwr of distinguished individuals, at diflRirent 
periods. Among those who have contributed to its present state of perfection, 
and its application to practical purposes, may be mentioned the names of Som- 
eneC] the Marquis of Worcester, Savery, Newcomen, Fulton, and especially 
Mr. Junes Watt. 

Xo the inventive genius of Watt, the engine is indebted for the condenser^ the 
ttg^endages for varallel motion^ the application of the rovernor^ and for the 
double action. In the words of Mr. JeffVey, it may t»e added, that, '* By his ad- 
miiuble eontrivances, and those of Mr. Fulton, it has become a thing alike sto- 
pflodous for its force and its flexibility ; fbr the prodigious power it can exert, 
and the ease, and precision, and ductility, with which it can be varied, distrib- 
uted, and applied. The trunk of an elephant, that can pick up a pin, or rend 

i<»ak, is as nothing to it. It can engrave a seal, and crush masses of obdurate 
itid before it ; draw out, without breaking, a thread as fine as gossamer, and 
op a ship of war likf a bauble in the air. It can embroider muslin, and forge 
SBdiors J eut steel into ribands, and impel loaded vessels against the Airy of the 
Mods and waves.** 

The power of a steam engine is generally expressed by the power of a 
hofse, which can raise 89,000 lbs. to the height of one foot in a minute. ~^ 

m ■ < -^ 

How is the regular and continued motion produced f To what is this Ino^ 
tion of the piston communicated i What is the use of the air pump M ? For 
v^at is the safety valve R used i 503. What are the principal forms in which 
the steam engine is constructed f 504. How do they difi^ from each other ' 
What becomes of the Sleam after having moved the piston in the non-condens- 
iiig encines f What kind of engines is generally used on railroads f 505: 
Iwut becomes of the steam after having moved the piston in the dbndensinf 
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506. Fig. 88 represents Watt's double acting, condensing' stMHB 
engine, in which A represents the boiler, containing a large quantity 
of water, which is constantly replaced as fast as portions are eon- 
verted into steam. B is the steam pipe, conrejing the steam to 
the cylinder, having a steam cock b to admit or exclude the steam 
at pleasure. 

C is the cylinder, surrounded by the jacket e e, a space kept con- 
stantly supplied with hot 8team,t in order to keep the cylinder from 
being cooled by the external air. D is the eduction pipe, commu- 
nicating between the cylinder and the condenser. £ is the con- 
denser, with a valve e, called the injection cook, admitting a jet of 
cold water, which meets the steam the instant that the steam eqten 
the condenser. F is the air pump, which is a common snetkwi 
pump, but is here called the air pump because it removes from Um 
condenser not only the water, but also the air, and the steam that 
escape condensation. G 6 is a cold water cistern, wlueh sor- 
rounds the condenser, and supplies it with cold water, being flUed 
' by the cold water pump, which is represented by H. I is the hot |Pell| 
containing water from the condenser. K is the hot water pnmVy 
which conveys back the water of condensation from the hot weUw 
the boiler. 

L L are levers, which open and shut the valves in the channel 
between the steam pipe, cylinder, eduction pipe, and condenser ; 
which levers are ra^.sed or depressed by projections attached to the 
piston rod of the pump. M M is an apparatus for cbangring Um 
circular motion of the working beam into parallel motion, so that 
the piston rods are . made to move in a straight line. N N is the 
working beam, which, being moved by the rising and falling of 
the piston, attached to one end, communicates motion to the fly 
wheel by means of the crank P, and from the By wheel the mo- 
tion is communicated by bands, wheels, or levers, to the other 
parts of the machinery. O O is the governor. [See Fig, 45, 
JVb. y74.] 

The governor, being connected with the fly wheel, is made to 
participate the common motion of the engine, and the balls vAfl re- 
main at a constant distance from the perpendicular shaft, so long as 
UiQ motion of the engine is uniform ; but whenever the engine 
moves faster than usual, the balls will recede farther from the shaft 
and, by raising a valve connected with the boiler, will let ofi* such a 
portion of the force as to reduce the speed to the rate required. 

The steam engine, thus constructed, is applied to boats to turn 
wheels having paddles attached to their circumference, which au- 
swer the purpose of oars. It is used also in ^workshops, factories, 
&c. ', and diflerent directions and velocities may be given to tke 
motion produced by the action of the steam on the piston, by con- 
necting the piston to the beam with wheels, axles and leven, M 
represented in numbers 237 to 250, page 41. 

f Bieani must be dry before it is used. 



. 506. What does Pig. 88 represent ? What does A represent ? What docs B 
represent .» What does C represent ? What does D represent .' What does 
E re.iressiit ? What does F represent ? What does G G represent f What 
dot« 1 represent ? What does K represent ? What does L L represent ? Wkal 
does M M represent f What does N N represent f What does O O reprassat f 
What is said of the governor f 
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507. The locomotive engine is a high pressure steam 
engine, mounted on wheels, and used to draw loads on 
a railroad, or other level roads. It is usually accom- 
panied by a large wagon, called a lender, in which the 
wood and water, used by the engine, are carried. 

Fig. 89 represents a side view of the internal construction of a 
locomotive steam engine ; in which F repreieats the fire box, or 
place where the fire is kept ; D the door throagh which the fuel is 
introduced ; G one of the bars of the grate at the bottom. The 
spaces marked B are the interior of the boiler, ia which the fp ater 
stands at the height indicated by the dotted line. The boiler fpi 
closed on all sides ; all its openings being jruarded by valves. The 
tubes marked e e conduct the smoke and name of the fuel tfirough 
the boiler to the chimney C C, serving, at the same time| to coagi* 
manicate the heat to the remotest part of the boiler. By tkjm 
arrangement none of the heat is lost, as these tubes az^ all rarroiiii4- 
ed by the water. S S S is the steam pipe, open at the top B Sy 
having a steam-tight cock, or regulator, V, which is opened and 
shut by the crank H, extending outside of the boiler, and which is 
jnanaged by the engineer.* 

The operation of the machine is as follows : the steam being gea* 
erated in great abundance in the boiler, and being unable to escape 
out of it, acquires a considerable degree of elastic foree. If at that 
moment the cock V is opened, by the handle H, the steam pene- 
trating into the tube S at the top, near X, and in the direction of 
the arrows, passes through the tube and the valve V, and enters 
the valve box i. There a sliding valve o o, which moves at tte 
same time with the machine, opens for the steam a communication 
successively with each end of the cylinder. Thus, in the figure, 
the entrance on the lefl hand of the sliding valve is represented as 
beinff open, and the steam follows in the direction of the dotted 
line into the cylinder, where its expansive force will move the pis- 
ton P in the direction of the arrow. The steam or air ou tlie other 
side of the piston passes out in the djptection of the dotted line to u, 
which communicates with the tube i /, from which it passes in^p 
the chimney C, and thence into the open air. The sliding valve 
o o now moves and leaves the right hand aperture open, while it 
closes the one on the lefl. The steam then drives the piston back, 
and that portion of tlie steam on the lefl of the piston, having per- 
formed its office, passes out of the aperture u, an op^ng to which 
is made by the new position of the sliding valve. Thus, the sliding 
valve opening a communication, alternately, with each side of the 
piston, the steam is admitted on both sides of thea|||on, and having 
performed its office, it passes through the apertun^bo the tube t <, 
and the chimney C, and from thence into the opei^nr. 

Motion being thus given to the piston, it is communicated, by 

* This cock is not seen in the figure, because it is in the inside of the tube. 
The figure represents the outside. 

507 Describe the locomotive steam engine. In the 89th figure, what do F D 
and G represent f What do the following references respectively represent, 
namely, S S S f BBB? eeeef CC? oof uf Hittf Vf RQKf 
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meam of the rod R and the beam O, to the enuik K; whioh, beliy 
connected with the axle of the wheel, camei it to tam, and thm 
mo?et the machine. 

Thus constracted, and placed on a railroad, the locomotiye steam 
engine is advantageously used as a sobstitate fiur horse power,, for 
drawing heavy loads. 

The apparatus of safety Talves and other appliances, for tlie man- 
agement of the power produced by the machine, are the same in 
principle, though diflferent in (brm from those used in other steam 
en^nes ; for a particular description of which, the student is refer- 
red to practical treatises upon tne subject/ 

508. Heat is propagated in two ways, namely, by 
conduction and by radiation. Heat is propagated l>y 
conduction when it passes from one substance to anoth- 
er in contact with it. Heat is propagated by radiation 
when it passes through the air or any other elastic 
fluid. Difierent bodies conduct heat with different de- 
grees of facility. The metals are the best conductors, 
and among metals silver is the best conductor. 

509. For this reason any liquid may be heated in a silver vessel 
more readily than in any other of the same thickness. The metals 
stand in the foUowinflr order, with respect to their conducting pow- 
er, namely, silver, gold, tin, copper, platina, steel, iron, and lead. 

510. It is on account of the conducting power of metalst that the 
handles of metal tea pots, and coffee pots, are commonly made of 
wood j since, if they were made of metal , they would become too hot to 
be grasped by the hand, soon idler the vessel is filled with heated fluid. 
Wood conducts heat very imperfectly. It may be held by the fin- 
gers very near the part which is burning, or red hot. Animal and 
vegetable substances, of a loose texture, such as fur, wool, cotton, 
&c. conduct heat very imperfectly ; hence their efficacy in preserv- 
ing the warmth of the bony. 

511. Heat is reflected from bright surfaces ; while 
black or dark colored bodies absorb the heat that falls 
on them. 

** In " ^ Praetieal Treatise on Locomotive Engine* upon RoUwaye.,^^ by the 
Chevalier F. M. O. De Pambour^ the reader will find a particular description of 
■U the parts of the locomotive engine. ..< 

T Metals, on account of their conducting power, cannot be handled when rai»> 
ed to a temperature above 120 degrees of Fahrenheit. Water becomes scalding 
hot at 150 deg., but air, heated for beyond tbe temperature ofboiling water, may 
be applied to the skin without much pain. Sir Joseph Banks, with several other 

508. In what two ways is heat propagated i When is it propagated by con- 
duction i When is it propagated by radiation ? Do ali bodies conduct heat 
with the same degree of facility i What. bodies are the liest conductors > la 
what order do the metals stand with respect to their conducting power f Is 
wood a good conductor of heat f Why are wool, (\ir, Sec so efn<»efou8 in pre- 
serving the warmth of the body i What is related, in the note, with ragard to 
the conducting power of heat ' 511. What bodies reflect the heat ? What 
absorb the heat f 
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512. This is the rcaacm why the bright bffiM uidirmM, or aaj 
«(lh«r bright mibituices, placed near a hot fire, aeldom beeonM he a t 
cd ; while other dark aabetaiioeB, farther remo?ed from the fire, b^ 
come tuo hot for the hand. 

513. Snow or ice will melt under a piece of black cloth, when it 
will remain perfectly solid under a white one. The fiurmm, ia 
•ome of the moontainous parts of Europe, are a ccnetomed to epmd 
black earth, or soot, o?er the snow^ in the spring, to httrtmi its 
melting, and enable them to commeMe ploughijogM^y. 



SECTION XIV. 

OpHea. 

514. Optics is the science that treats of light, of oolr 
ors, and of vision, or sight. 

515. The science of optics divides all substances into the follow- 
uig classes ; namely, luminous, transparent, and translucent ; re- 
flecting, refhu^ting, and opaque. 

516. Luminous bodies are those Which shine by their own Ughi ; 
that is, by light proceeding from their own substance ; sooh as tiM 
sun, the stars, a burning lamp, or a fire. 

517. Transparent substances are those which allow light to pass 
through them freely, so that objects can be distinctly seen through 
them ; as glass, water, air, &c. 

518. Translucent bodies are those which permit a portion of licht 
to pass through them ; but render the oUect behind them Mis- 
tinct ; as horn, oiled paper, colored glass, &c. 

gSBtleinen, rMnained toaie tlaie in a room when the heat wst 82 dcsiess aliofv 
the boiliny point, — bat, thoof h they could bear the contact of thelw at ad atr, 
they coold not touch any metnllic subatMice, iia their watch dialns, money, dee. 
CCK*f placed on a tin flnme^ were roasted hard in twenty minutet} and abesT 
tteak was oyerdone in thirty three minutrt. 

Cuantrey, the celebrated aculptor, has an oiren which bs sasa t>r drying Mi 
plaster cuts and moulds. The fhermometer generally stands al aOO dec.Tn it, 
yet the workmsn enter, and remain In it some miastsa, withoet dMculty ) bat 
a gentleman oaee entering it with a pair of silver-moonted spectades oa, hai 
h&i Ihce bnmt when the metsi came in contact with the skin. 

Why do'bright bodies, when placed near a hot lire, aeldoai bseone hsatsd? 
014. Of what does opUcs treat f 516. Into what classes does the scisnos of od- 
tlcs diTide^U substances f 616. What are luminous bodies f GiTe an example 
6t ajqpiinoas body. 617. What are transparent bodies ? Give an example sf 
'a tranmarent body. 618. What are translucent bodiea t GIts an example U 
a transfneent body. 
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619. Reflecting rabitancei are thoae which do not permit light to 
DIM through them ; but throw it off in a direction mofo or leas ob- 
lique, according as it falls on the reflecting surface ; as polished 
steel, looking glasses, polished metal, &c. 

520. Refracting substances are those which torn the light from 
its eottrsSj in its passage through them ; and opaque substances an 
those which permit no light to pass througn them; as melals, 
wood, &c. 

521. It is not known what liffht is. Sir Isaac Newton supposed 
it to consist of exceedingly smul particles, moving from luminous 
bodies ; others think that it consists of the undulations of an elastic 
medium, which fills all space, and which produces the sensation of 
light to the eye, in the same manner as the vibrations of the air 
produce the sensation of sound to the ear.* 

522. A ray of light is a single line of light proceeding 
from a luminous body. 

523. Rays of light are said to diverge when they sep- 
arate more widely, as they proceed from a luminoui 

body. 

524. Fig. 90 represents the rays of light Fig. »« f 
diverging as they proceed from the lumi- ^^^ ~ 
nous mxfy, from F to D. 




525. Rays of light are called converging when they 
approach each other. The point at which converging 
rays meet is called the focus. 

Fig. 91. 
Fig. 91 represents converging rays of light, 
and the point F is the focus. 




526. A beam of light consists ^g- 92, 

of many rays running in paral- ^]//r, 

lei lines. 9^^jMiHHIIiHMi 

Fig. 92 represents a beam of light. ^^W 

KT. A pencil of light is a collection of diverging or 
converging rays. 

• The opinions of philoMphen at tlie proMnt day aro inclining to tlie nnda. 
latory tbeory. 



'^h^^*^^ *^ reflecUng sobstancea f Give an example of a rellecUng body. 
ffiO. Whal are refhicting subatances? What are opaque sabstanceaf sn. 
What is light f What did Sir Isaac Newton sappos* it to be ? What otbsr 
opinions have been formed concerning it ? 522. What Is a ray of light ? 5M. 
When are rays of light said to diverge ? What does Fig. 90 repr*cnt ? M5w 
When are rays of light called converjring? What is the point, at which con- 
Torging rays meet, called i 626. What is a beam of light ? Whal docs Fig. 93 
represent r 527 What is a pencil of light i 
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&2S. A medium is anj substance, solid or fluid, 
through which light can pass ; as water, glass, air, &c. 

529. The rays of light which issue from terrestrial 
bodies, proceed in a diverging manner, until they meet 
with some relfracting substance ; but the rays of the sun 
diverge so little, on account of the immense distance of 
that luminary, that they are considered parallel. 

530. Light, when proceeding from the sun, or any 
other luminous body, is projected forward in straight 
lines in every possible direction. It moves with a ra- 
pidity but little short of 200,000 miles in a second of 
time. 

531. Every point of a luminous body is a centre, 
from which light radiates in every direction. Rays, 
proceeding from different bodies, cross each other with- 
out interfering. 

532. A shadow is the darkness produced by the in- 
tervention of an opaque body, which prevents the rays 
of light from reaching an object behind the opaque 
body. 

533. Shadows are of different degrees of darkness, because the 
light from other luminous bodies reacoes the spot where the shadow 
is formed. Thus, if a shadow be formed when two candles are 
burning in a room, that shadow will be both deeper and darker if 
one of the candles be extinguished. The darkness of a shadow is 

Sroportioned to the intensity of t|ie light, when the shadow is pro- 
uoed bj the interruption of the rays from a single luminous 
body.* 

5S4. When a luminous body is larger than an opaque 
body, the shadow of the opaque body will gradually di- 
minish in size till it terminates in a point. The form of 
the shadow of a spherical body will be that of a cone. 

* As tbe dsgree of light and darkness can be estimated only by comparisoB, 
die strcnpst light will appear to produce the deepest ahadow. Hence, a total 
edipae of the ean oocaaiona a more aenatble darlineM than midnight, because it 
is immediately contraited with the strong light oTday. 

428. What is a medium f S29. In what manner do the rays of light proceed 
from terrestrial bodies i In what kind of lines do the rays of li^l proceed fl-om 
Oe son ? 690. In what way is light projected fbrward from any luminous body .' 
With what rapidity does it move t 631. Prom what point, in a luminous body, 
does l^ht radiate * 632. How is a shadow produced ? Why are shadows of 
dUllbrent dagrees of darkness I To what is the darkness of a shadow propoi^ 
ttooed. when the shadow is produced by the Interruption of the rays firom a 
ripgle luminous body i 634. What is said of the shadow of the opaque body, 
the liuninous body is the larger ? 
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fi3S. BhatrmtiM. Via. 93. A m- 
MMcnU the (un, wtd D tbe moon. 
^Iw luD, beiDg mDch l&r|[ei Ibtn the 



536. When th« luminouB body ia smaller tbin thi 
opaque body, the shadow of the opaque bodv grulusl^ 
■ --3 size, with the diatuice, without limit. 



G37. IllititTatioR. 
Rg. H the abiicio 
the object, A, iue 
in wie >t tilt differei 
dutCDcei, B, C, U, E, o 
Id other woida, it ooi 
■tanl]]' direrifes. 




£38. When several luniinoua bodies slune upon tfai 
mne object, each one will produce a shadow. 

Flf. Ml 

639. Fig. 96 repreienta ■ 
ball A illuminated b; ibe three 
candlei, B C nod D. The t 
light B producM the shadow 
t, the ligbt C, the shadow c, 
and IhehghlD, theah 



640. When rays of light tall upon aa opaque bod; 
which they cannot pass, part of them are absorbed, aD' 
part are reflected, and rebound back, like an elastic bal 
which is thrown agaiost a wall. By the reflection o 
ligbt is meant its return or passage from a reflectii^ 
aubstance. 




' Etplitn Flc, 91. I 
innotpw! WbaiJi 



•• 
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in this respecti light !• grorerned by the nine lawi m thoee 
which reltte to solid elattic bodiei. 

541. When light falls perpendicularly on an opaque 
body, it is reflected back in the saYhe line, towards the 
point whence it - proceeded. If it fall obliquely, it will 
be reflected obliquely in the opposite direction ; and in 
all cases the angle of incidence* will be equal to the 
angle of reflection. This is the fundlamental law of re- 
flected light. 

542. Opaque objects are seen only by reflected ligbt. 
Luminous bodies are seen by the rays of ligbt which 
they send directly to our eyes. 

543. The intensity of light is diminished every time 
it is reflected, because all bodies have a tendency to ab- 
sorb a portion of the light which they receive. ^ 

jCf 544. Every portion of a reflecting surface reflects an- 
entire imags? of the luminous body shiniog upon it. 

545. When the son or the moon shines ypoii a sheet of water, 
every portion of the surface reflects an entire image of the lumi- 
nary ; but as the image can be seen only by reflected rays, and the 
angle of reflection is always equal to the angle of incidence, the 
image can be seen only in that spot where these angles meet. 

546. Objects seen by moonlight appear fainter than 
when seen by daylight, because the light by which they 
are seen has been twice reflected. 

547. The moon is not a luminous body, but its light is caused by 
the sun shining upon it. This liirht, reflccteH from the moon and 
billing upon any object is again reflected by that object. It suflers, 
therefore, two reflections ; and since {Set JVo. 543 ) a portion is ab- 
sorbed by each surface that reflects it, the light must be proportion- 

* The angles of incidence ami reflection have already been explained in page 
22, No. 147. As this law of reflected li|;ht is one of the most important in th« 
science of optics, it is necessary thnt the pupil have a clear idea of it. He must, 
tberefbre, view the particles of light as 8o many minute balls, bounding against 
amr&ce, and reflected according to this law. 

^^■^m^^ ■ ^ ■'■■■'■ ™ ■■■ ■ ■ I » ■ -I.I. -'''■' I -I ■ , , I .■■■ ^ 

By what laws is light governed, in this respect ? 541. How is light reflected 
When it falls perpendicularly on an opaque body P How is it reflected when it 
ftlls obliquely ?- How do Uie angles of incidence and reflection compare with 
each other ^^ How.should every particle of light be viewed in order to have a 
dear idea of lif 642. By whatlight are opaque objects seen \ How are lumi- 
Beaa bodies seen ? £43. Why is Uie intensity of light diminished every time it 
li rallected \ M4. Does every porUon of a reflecting turfhce reflect an entire 
teafe of the iDminoue body shining upon it f When the sun or moon shines 
' i^en a sheet of water, why ^ we not see an image reflected fh>m every poi^ 
tioii of the surftce f 546. Why do ofejects, seen by moonlight, appeaf fttnisr 
whan seen by 4&ylight \ By what light does the moon shine i * 

10 
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ally fainter. In traversing the atmoephere, also, the rays, both of 
the sun and moon, suffer diminution , for, although the pure air i»a 
transparent medium, which transmits the rays of liffht freely, it is 
generally loaded with vapors and exhalations, by which sooie por- 
V tion of tnem is absorbed. 

548. All objects are seen by means of the rays o£ 
light emanating or reflected from them ; and when no 
light falls upon a body it becomes invisible. 

549. Tills is the reason why none but luminous bodies can be 
seen in the dark. For the same reason, objects in the shade, or in a 
darkened room appear indistinct, while thosQ which are exposed to 
a strong light can be clearly seen. 

550. When rays of light, proceeding from any object, 
enter a small aperture, they cross one another and form 
an inverted image of the object. 

551. Illustration. Fig. 96 represents the ^^' ^' 
rays from an object a c entering an aperture. i 
The ray from a passes down through the 
aperture to d, and the ray from c passes up 
to b, and thus these rays, crossing at the 
aperture, form an inverted image on the 
wall. The room in which tJiis experiment * 
is made should be darkened, and no light 
permitted to enter, excepting through the apertnre. 
comes a camera obscuia.* 

552. The angle of vision is the angle formed at the 
eye by two lines drawn from opposite parts of an ob- 
ject. 

553. Fig. 97 repre- ^'*- ^' ^ 
sents the angle of vis- 
ion. The line A C 
proceeding from one 
extremity of the ob- 
ject meets the line B C 
proceeding from the 
opposite extremity, 

and forms an angle if 

at the eye, or C ; and this is the angle of vision. 

* These words signify a darkened chamber. In the future description which 
will be given of the ey«, it will be seen that the namera obscura is constructed 
on the same principle as the eye. If a conTex. lens (See No. 605,) be placed la 
the aperture, an inverted picture, not only of a single object, but of the entirs 





What absorbs some of the rays of light in traversing the atmosphere i 64«. 
How are all objects seen ? Why can none but luminous bodien be seen in ths 
dark ? 5.V0. What kind of an image is formed when ravs <»f light, proreedlBf 
from an object, enter a small aperture .' Illusirftie this bv Fia. 96. What is a 
camera obscura .' J low can a portable camera obscura be'made ? 552. Uow is 
the angle of vision formed f Explain Fig. 97. 
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564. F^r. 96 repreaento Uie dUTerent angletf made by the same ob> 
ject, at different distances. From an inspection of the Fig. it is 
evident, that the nearer an object is to Fig. n. 

the eye, the wider must be the oppninff 
of the lines to admR the -extremities of 
the object ; and, consequently, the larger c 
the angle under which it is seen ; and, 
on the contrary, that objects at a distance 
will form small angles of ^sion. Thus, 
in this figure, the three crosses, F 6, 
D £, and A B are all of the same size ; but A B, being the most 
distant, subtends the smallest angle* A C B, while D £ and F G, 
being nearer to the eye, situated at C, form respectively the larger 
angles, D C £ and F C 6. 

555. When an object, at any distance, does not sub- 
tend an angle of more than two seconds of a degree, it 
is invisible. 

At the distance of four miles a man of common stature will thus 
become invisible. 

55S, When the velocity of a moving body does not 
exceed twenty degrees in an hour, its motion is imper- 
ceptible. 

It is for this reason that the motion of the heavenly bodies is in- 
visible, notwithstanding their immense velocity. 

557. Jllustratim. The real velocity of a body in motion round a 
point, depends on the spaee comprehended in a degree. The more 

Undflcape, tvill be found on tbe wall. A portable camera obscura is made by 
admitiinf tbe lifht, into a box of any size, through a convex lens, which throws 
the image upon an inclined mirror, fh>m whence it is reflected upwards to a 
plate of ground glass. In this manner a beautiful but diminished image of the 
landscape, or of any group of ol^ects, is presented on the plate in an erect po> 
fition. 

* The apparent size of an object depends upon the size of the angle of vision. 
Bat we are accustomed to correct, by experience, the (kllacy of appearanoe«4 
and, therefore, since we know that real objects do not vary in size, but that the 
anglof under which we see them do vary with the distance, we are not deceived 
by the variatioos in tlie appearance of objects. Thus, a house, at a distance, 
appears absolutely smaller than the window through which we look at it) 
^erwise we could not see it through the window *, but our knowledge of the 
rAtl site of the house prevents our alluding to its apparent magnitude. In Fig. 
M It will be seen that the several crosses, A B, D E, and F 6, although very 
dUftrent In size, on account of their difibrent distances, subtend the same angle 
A C B ; they, therefore, all appear to the eye to l>e of the same size. 

It Ik opon a correct observance of the angle of vision that tbe art of pcrspec- 
thre drawing is indebted for Its accuracy. 

WhatdoesFig. 98 represent ? What effect has the nearness nf the ohjeci to 
the eye, on the angle ? Illustrate this by the Figure. Upon what does the ap« 
parent size of an object depend f Why do ol\}ects appenr *o Inrge i To what Is 
%B art of perspective drawing indebted for its accuracy i 555. How large an 
sagle most a body subtend to be visible? 556. When in the mo: ion of a body 
InvMble ? Why is the motion of the heavenly boflies invisible f Upon what 
the real velocity of a body, in motion rou^id h point, depend .' 
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dbtmnt the moTiiiflr bodj froni the eeiitie, cr. in 
other words, the uager the eiicle which it mm 
to describe, the luger will be the defiee. 

In Fig. 99 if the osaii mt A, mod the mui mt B 
both stmit together, it is msnilest, thai A most 
move more rapidlr than B, to arrive at C at the 
same time that B reaches D ; becaose the are 
A C is the arc of a larger circle than the are B D. 
Bat to the eje at £, the velocity of both ap- 
pears to be the same, because both are seen un- 
der the same angle of vision. 

558. Light is said to be reflected when it is thrown off 
from the body on which it falls. 

559. It has akeady been stated {Sm JVo.540.), that when ligfal 
&1b upon any body, part of it is absorbed and part b refleetod. II 
remains now to be observed, that light is reflected in the laifMt 
quantities from the most highly polished surfaces. Thus. ahlMiifh 
most substances reflect it in a degree, polidied metals, looking-gla^ 
ses, or mirrors, &c. reflect it in so perfect a manner aa to convey to 
our ejeSf when situated in a proper position to receive the»n, per- 
fect images of whatever objects shine on them, either by their owB| 
or by borrowed light. 

560. That part of the science of optics which relates 
to reflected light is called Catoptrics. 

561. Rays of light are reflected aocording to the 

same laws which regulate the motions of elastic solid 

bodies. 

Thus, a ray falling on a reflecting surfece will be thrown off 
from that surface in such a manner that the angle of incidence will 
be equal to the an^Ie of reflection.* This is me fundamental law 
of catoptrics or reacted light. 

562. An incident ray 4s a ray proceeding to, or fall- 
ing an any surface ; and a reflected ray is the raj 
which proceeds from any reflecting surface. 

563. Fig. 100 is desijrned to show the angles of incidence and 
of reflection. In this ngure M A M is a mirror, or reflecting sur- 



* The angles of incidence and reflection have already been deaerlbed la . 
83, No. 121, but as all the phenomena of reflected light depend apon ths'law 
stated abore, and a clear idea of these angles is necessary, in order to uadar- 
stand the law, it is deemed expedient to repeat in this connexion the ezphoM- 
tion already given. 

Explain Fig. 99. Why does the velocity of both, to an eye at E, appear fobs 
the same i 558. When is light said to be reflected ? What becomes of the 
light which fklls upon bodies i What surfaces reflect the largest quantity of 
light f 560. What is catoptrics? 561. By what laws are rays of light reMM^ 
ed f What is the fundamental law of catoptrics } 562. What is an Inddaat 
ray } What is a reflected ray f What does Fig. 100 represent f BxptaJa 
the Figure. 
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P b a line perpendicular to the sur- 
fkoe. I A represento an incident raj, falling ^^ ^^ 

oo the mirror in sach a manner as to foim, n 
with the perpendicular P, the anjrle 1 A P. 
This it cailea the angle of incidence. The 
line R A is to be drawn on the other side of 
P A in such a manner as to hare the same 
inclination with P A as I A has, so that the ^ 
angle R A P will be equal to I A P. The 
line R A will then show the course of the re- 
flected ray ; and the angle RAP will be the 
ancle of reflection. 

S64. From whatever surface a ray of light 
is reflected, whether it be a plain surface, a '' 
convex surface, or a concave sarface, this law 

inyariably prevails; so that if we notice the inclination of any inci- 
dent rav, and the situation of the perpendicular to the surface, on 
which it falls, we can alwajjts determine in what manner, or to what 
point it will be reflected. This law explains the reason why, when 
we are standing on one side of a mirror, we can sec the reflection 
of objects on the opposite side of the room, but not those on tho 
■une side on which we are standing. It also explains the reason 
why a person can see his whole figure io a mirror, not more than 
half of his height. It also accounts for all the apparent peculiari- 
ties of the reflection of the difierent kinds of mirrors. 

565. l^ere are three kinds of mirrors used in optics, 
namely, the plain, the concave, and the convex mir- 
ror. Plain mirrors are those which have a flat surface, 
such as a common looking glass ; and they neither 
magnify nor diminish the image of objects reflected from 
(hem. 

5GS, Convex mirrors have a convex surface, that is, 
a surface bulging outwards ; and they diminish the im- 
age of objects reflected from them. A convex mirror is 
a portion of the outside of a sphere. 

567. Concave mirrors have a concave surface, that is, 
« surface hollowing inwards ; and under certain circum- 
stances magnify the image of objects which they reflect.* 

* CcmcaTe mirrors sometimes present a magnified, sometimes an equal, and 
semeUmes a diminished image. The size of the image depends upon the dis- 
lanee of the ol^ect IVom the surfkce of the mirrOT. 

Do the diflbrent kinds of surlkees, fVom which light is reflected, cause any varh 
MioB from this rule f How can you explain the reason, why, when standing on 
ens side of a mirror, we see the reflected objects on the opposite side i S6!k 
What are plain mirrors ? How do they malte the image appear f 666. What 
are convex mirrors ? How do they make the image appear ! What part of a 
^here is a convex mirror i 667. What are concave mirrors f How do they 
Wke the image appear f 

10* 
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^^ A concave mirror is a portion of the inner turftoe of a 
sphere. 

668. niustnUion, In Fig. FIf. 1<M. a 

101 M N repreaents both a 
convex and a concave mir- 
ror. They are both a por- 
tion of a sphere of whicn O 
is the centre. The outer 
part of M N is a convex, and 
the inner part is a concave 
mirror. Let A B, C D, £ 
F, represent rays falling on 
the convex mirror M N. As 
the three rajs are parallel, 
they would all be perpen- 
dicular to a plane or flat mirror ; but no ray can ftdl perpendica* 
larly on a concave or convex mirror, which is not directed toward 
the centre of the Iphere of which the mirror is a portion. For Hom 
reason the rav C D is perpendicular to the mirror ; while the other 
ravs A B and £ F fall obliquely upon it The middle ray therefoiB 
•falling perpendicularly on the mirror, will be reflected Iwck in the 
same line, while the two other rays filing obliquely will he re* 
fleeted obliquely ; namely, the ray A B will be reflected to G and 
the ray £ F to H, and the angles of incidence A B F knd EFT 
will be equal to the angles <^ reflection P B G and T F H, and 
since we see objects in the direction of the reflected rays, we shall 
see the image at L, which is the point at which the reflected rays if 
continued through the mirror would unite and form the image. 
This point is equally distant from the surface, and the centre of the 
sphere, and is called the imaginary focus of the mirror. It is call- 
ed the imaginary focus, because the rays do not really onite at tbtft 
point, but only appear to do so ; for the rays do not pass through 
the mirror, since they are reflected by it. 

569. The image of an object reflected from a convex mirror is 
smaller than the object. 



570. Illustra 
tion. This is 
owing to the di- 
vergence of the 
reflected rays. 
A convex mir- 
ror converts, by 
reflection, par- ^ 
allel rays into 
divergent rays; 
rays that fall 
upon the mirror 
divergent, are 
rendered still 
more divergent 



Fiff. 102. 




What part of a sphere is a concave mirror .' In Fig. 101, which paftofibm 
sphere represents a convex mirror ? Which part a concave mirror f Explala 
the Figure. 



wncs. 
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hf xeflflctkm, aad eoBTergeiit rm ira reflected either puallel, ec 
\ea» convergent If, tiiea, to object A B be pltoed before an/ pert 
of- a convex mirroTi the two laya A and B prooeedioff firom the 
extremities, fidling convergent on the mirror, will be reflected lev 
convergent, and will not coom to a fiiciie nntil they arrive at C : 
then an eye placed in the direction of the reflected rays will aee 
the image formed in ^or rather behind) the mirror at a h; and m 
the image ia teen unoer a amaller angle than the object, it will ap- 
pear amaller than the object (See JVb. 55SL) 

571. Concave mirrora have the pecoliar property of forming 
iouffes in the air. The mirror and tne object being concealed be» 
hind a screen, or a wall, and the object being strongly illuminated, 
the rays from the object h\\ npon the mirror, and are reflected by it 
through an opening m the screen or wall, forming an image in the 
air. tjhowmen have availed theouelves of this property of concave 
nurrors, in producing the appearance of apparitions, which hato 
terrified the young and the ignorant These images have been 
presented with ffreat distinctness and beauty, by raising a fine 
transparent cloud of blue smoke, by means of a chafing-diah, around 
the focus of a large oontave mirror. 

The true focus of a concave mirror Is a point equally distant from 
the centre and the surface of the sphere, of which the mirror ia a 
portion. 

572. When an object is further from the concave mirror than its 
focus, the imi^^ will be inverted ; but when the object is between 
the mirror anaits focus, the image will be upright, and grow larger 
in proportion as the object is plaSed nearer to the mirror. 

573. The image reflected by a concave mirror b larger than the 
object, when the object is placed between the mirror and its focas.* 

^574. lUtutra- 
Iwrn-Thisisow- Fig. loa. 

ing to the con- 
verge nt proper- 
ty of the con- 
cave mirror. If 
the object A B 
be placed be- 
tween the con- 
cave mirror and 
its focus /, the 
rays A and B 
from its extrem- 
ities will fall di- 
vergent on the 
mirror, and, on 

* There are three eases to be considered with rsfard to the eflhcts ofeoBcave 
■irrorst 

1. When the ol^eet is placed hetween the mirror and the prfsdpal fbeas. 




9n. What pecoliar property belongs to concaye mirrors ? How can this be 
done { Where is the irae focus of a concave mirror f 572. How does an oh- 
jeet appear when placed farther from a concave mirror than its focua f How 
Blast an object be placed to appear upright f In what proportion does the alse 
ef the ol^ect Increase i &78. Do concave mirrors always present mafnifled 
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beinff reflected, become len diTergest, ai if they proceeded firon 
C. To an eye placed in that situation, namely, at C, the image 
will appear magnified behind the mirror, at a 6, ainoe it is seen on- 
der a larger angle than the object. 

575. The following facto result from. the operation of the hiw 
already slated as the fundamental law of catoptrics, namely, that 
the angles of incidence and reflection are always equal. The truth 
of4hese statemente may be illustrated by simple drawings; always 
recollecting, in drawing; the figures, to make the angles of incidence 
and reflection equal. The whole may also be shown by the simple 
experiment of placing the flame of a candle in various positions, 
betbre both convex and concave mirrors : 

First, fFUk regard to Convex MirrorM, 

576. Parallel rays, reflected from a convxx surface, are made to 
divene. 

577. Diverging rays, reflected from a convxx surface, are made 
more diverging. 

578. When convei^ring rays tend towards the focus of parallel 
rays, they will become parallel when reflected from a convex 
surface. 

579. When converging rays tend to a point nearer the surftoe 
than the focus, they will converge less when reflected from a cox- 
VKX surface. 

590. If converging rays tend to a point between the focus and 

S. When it is aitimtad between its centre of concaTity and that fbcos. 
t. When it is more remote than the centre of concavity. 

1. In the first case, the rays of light diverging after reflection, bnt in a laii 
decree than before such reflection tooli place, the image will he larger than the 
o^ect, and appear at a greater or smaller distance from the surface of the mir* 
ror, and behind it. The image iu this cawe will be erect. 

2. When the object is between the principal (bcus aud the centre of the mif^ 
ror, the apparent image will be in front of the mirror, and beyond the centre^ 
appearing very distant when the object is at or just beyond the focus, and ad> 
•▼ancing towards it as it recedes towards the centre of concavity, where, as 
already stated, the image and the object will coincide. During the retreat of 
the otuect, the image will still be inverted, because the rays belonging to each 
visible point will not intersect before they reach the eye. But in this case, the 
image becomes less and less distinct, at the same time that the visual aii^ la 
increasing ; so that at the centre, or rather a little before, the image becomes 
confused and imperfect ; owing to the small parts of the object subtending an- 
gles too large for distinct vision, just as happens when objects are viewed too 
near with the naked eye. 

S. In the eases just considered, the images will appear erect; bnt in the case 
where the T'faject is ftirther from the mirror, than its centre of concavity, iha 
image will l>e inverted : and the more distant the object is fi-om the centre, Iha 
less will -be its image, and the furtlier fVom the said centre, or the nearer tha 
Ibcus and the converse, the image and object coinciding when the latter is sta- 
tioned exactly at the centre, as noticed in the preceding case. 

575. What thcts are stated with regard to convex mirrors, as resulting (h>ai 
the fundamental law of catoptrics f 676. What is said of parallel rays t sn. 
What is said of diverging rays? 678. What is said of converging rays, wImb 
they tend towards the focus of parallel rays f 579. What is said of convensinf 
rays, wheu they lend to a point nearer the surface than the focus f 580. What 
is sai J of convei^ing rays, when they tend to a point between the fbcus and the 
centre f 
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the centre, they will diTerse as fix>m a point on the other aide of 
the centre, farmer from it than the point towards which they con- 
verged. 

581. If converging rays tend to a point beyond the centre, they 
wUl diverge as from a point on the contrary side of the centre, 
nearer to it than the points t& wards which they converged. 

582. If converjring rays tend to the centre when re£eted from a 
coHvsx mirror, Uiey will proceed in a direction as far from the 
OMitre. 



Secondly f Wiik ngmrd l# Comea99 

583. Faciei rays, reflected from a coircAvs surfiice, are 
converging. 

584. Converging rays, fallin|r upon a concave surface, are mads 
to converjge more. 

585. Diverging rays, falling upon a cohcavs surface, if tliey 
diverge from a rocus of parallel rays, become parallel. 

586. If from a point nearer to the surfiice than that focus, they 
diverge less than before reflection. 

587. If from a point between that focus and the centre, they con- 
verge, after reflection, to some point on the contrary side of the 
centre, and farther from the centra than the point from which tliey 
diverged. 

588. If fipom a point beyond the centre, the reflected rays will 
converge to a point on the contrary side, but nearer to it tlian the 
point m>m which they diverged. 

589. If from the centre, they will be reflected thither again.* 

In estimating these angles, it must be recollected, Uiat no line ii 
perpendicular to a convex or concave mirror, which will not, when 
sufficiently prolonged, pass through the centre of the sphere of 
which the mirror lis a portion. 



* The tbore fourteen principles, relating to raya of light reflected flrom 
vex and concave surftces, all result firom the same llindamental law of eato^ 
tries, which has already been staled severnl times, namely, tliat when light &Ua 
on imp reflecting surftoe, it will invariably be reflected in such a manner as to 
make the angle of reflection equal to the angle of incidence. 

t Mirrors (or looking-glasses) may be made of polished metal, or glass, with 
the back covered with an amalgam, or mixture of mercury and tinfoil. It Is the 
smooth and bright surfiice of the mercury that reflects the rays, the glass acting 
only as a transparent case, or covering, throiigh whidi the rays find aa tm^- 
passage. Some of the rays are absorbed in their passage through the glass, be> 
cause the purest glass is not flree flrom imperfections. For this reason, the best 
adrron are made of fine and highly-polished steel. 

Concave mirrors, by the property which they possess of causing parallel raya 
le conveisa to a fbcus,'are sometimes used as burning-g laasea. M. Duliiy asads 



581. What is said of con-verging rays, when they tend to a point beyond the 
centre ? 582. What is said of converging rays, when they tend to the centre f 
583. What is said with regard to parallel raysl when reflected flrom a concave 
sarflu^ ? 584. What is ndd of converging rays r 585. What Is said of diveiitnf 
rays, if they diyerge from a focus of parallel rays f 586. What, if lh)m a point 
Bearer to the surface than that focus f 587. What, if firom a point betwcra 
that focus and the centre f 58^ If fl*om a point lieyund the centre f 589. If 
fltmi the centre ! . Note. From what do these fourteen principles, stated above, 
result f How can you prove whether a line be perpendicular to a convex or a 
eooeave mirror f Note. What is sidd with regard to mirrors * Of what are 
Ihs bast miraon made f For what are concave mirrors sometimes used f 
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SECTION XV. 

Befraciian rf lAghi. — Optics continued, 

690. That part of the science of optics which trenU 
of refracted light is called Dioptrics.* 

591. By the refraction of light is meant its being 
turned or bent from its course ; and this always takes 
place when it passe3 obliquely from one medium to an- 
other. 

592. By a mediam,t in optics, is meant any substance through 
which light can pass. Thus, air, glass, water, and other fluids, an 
media. 

593. There are three fundamental laws of dioptrics, 
on which all its phenomena depend, namely : 

FirsL When light passes from one medium to another, in a diree- 
tion perpendicular to the surface, it passes on in a straight Una 
without altering its course. 

Second. Wh^ light passes in an oblique direction, from a rarer 
to a denser medium, it will be turned from its course, and proceed 
through the denser medium less obliquely, and in a line nearer to 
a perpendicular to its surface. 

Third. When light passes from a denser to a rarer medium, it 

£ asses through the rarer medium in a more oblique direction, and 
1 a line further from a perpendicular to the surface of the denser 
medium. 

aeonoaTO mirror of plaster of Paris, i^ilt snd barnished, 20 inches in diameter t 
witli wliich he set fire to tinder, at the distance of fifty feet. Bat the moet r^ 
marlcahle thing of the Icind on record, is the compound mirror constnict#l by 
Buflbn. He arranged 168 small plane mirrors in such a manner as to reflect 
radiant light and heat to the same focus, like one large concave mirror. Witk 
tfiis apparatus he was able to set wood on fire at the distance of 209 fbet, to mdt 
lead at 100 fiset, and silver at 50 feet. 

* The power of being refyacted is called r tangibility. 

t The plural number of this word is media^ although mediunu ia flometimei 
aeed. A medium is called dense or rare, in optics, according to its reflraetive 
power, and not aoeording to its specific gravity. Thus, alcohol, and many of 
the essential oils, although of less specific gravity than water, have a greaier 
reflecting power, and are, therefore, called denser media than water. In tht 
following list, the various substances are enumerated in the order of their re> 
fractive power, or, in other words, in the order of their density, the last mea* 
tloned being the densest, and the first the rarest, namely : air, ether, ice, water, 
alcohol, alum, olive oil, oil of turpentine, amber, quartz, glass, melted aulphoTt 
diamond. 

* " ' " ' ' ■ I ^ — ■ ■■ ■ . ■ ■■■ ^l■ . J , I , ,1 ■■■■ ■ — — — M^^^^^— ^1^^^ 

590. What is Dioptrics f 591. What is meant by the refVaction of light f 
When does this talie place f 592. What is a medium, in optics f Give some 
fxiAmples of media. Ifote. In what proportion is a medium dense or rare/ 
50S. W^t are the three fundamental laws of dioptrics f 



OPTTCS. 
994. iUiutratfm. In flf. 104, the lis 

. . ; throngh Uw deniPt uio.uu. <u u _^ ,,„^ 

If tbs n/ were lu pua apirard througb the » ^ 

leucT nieilinni, the watPT, in tbe mono pet- 

Cddicolu dinetioa to tbe ur,_ bj the nine 
* it would tlao oontinoe on in tbe Nme 
■fnulit line to A. 
l&>. Bat if the ray proceed from a rarer to 

bsn C to B, when it eaten tbe denaer medi- 

Bm it will not continue oa in the umeitrught 

line to D, but, bj the second taw, staled 

■bore, it will be rerr&cted or bent out of its conree, and proceed in 

1 leM nbliqaa direction to F, which 1* nearer the perpendicular A B 

E than D V 

696. Again, if the nj proceed thnn the denser medium, the 
nler, to the rate medium, the air, namely, from F to B, — inatead 
(f pareninir iti straight course to G, it will be refracted according to 
the third law above stated, and proceed in a more oblique direo- 
lion to C, which is further from tbe perpendicular ABE thin (j m. 

The refraction is more or leH in all case* in proportion as tbe 
lays fall more or less obliquely on the refracting sucfice. 

597. From what fau now been sloted, with regard to refraction, 
:. _;„ ,. L z .__ ^__._ _„,y ^ e.plained. Tljb, 




«ut in oi 



medium ; the pari 

is, on account of tne teiracijon oj me denser medium. 

59a For the same reason, when we look otiigudy upon a body 
of water it appears more abillow than it teaHy i». But when we 
look perptnAcuiarly downwards, from a boat, we are liable to no 
■och de«»ption, because there will be no refiaclion. 

609. Let a piece of money be put into a cup or a bowl, and tbe cup 
and the eye be placed in such s position that the aide of the cup wiU 
jnsl hide the money from the aight, then iieeping the eye still, lei the 
cup be filled with water, — the money will become digtinetly visible. 

600. The refraction of light prevents our seeing the 
heavenly bodies in their real situation.* 

besTHilT bodies la 

loeli;, ]• aboul al-t 

uB nu-iu, Mr Kuui whm the rayi reich 

« A B, Jn Flf. 104. SM. lUiHinie (be 



n It really la t Wby don a hodf 
LMTeniy bodtca In their nal •lioa- 
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m. His ligM whteh Ihef lend to ni U lefncted ia p«« 



id ny. In e< 

_- _ I shedi his lightupoo ai earlier in the > 

■nd Uter In the cTeniug;, thui we ahoold otherwue peraaivi 
And when the inn it actnaltf below the honioD, thoaa rkjR wt 
woold dUwrwiae he diKipated through apKce, are triiveted by 
atOMaphere towtrdi Uie larikce of tite euih, ctatinc twilight. ' 
fmter the deniitj of the ur tlie higher ia ita rcTractiTe powef , ■ 
eMMrqaecUy, the looger tbe duntiou of twilight. 

603. When a ray of light pasaeB from one median 
mother, and through that into the first again, if th« I 
refractions be equal, and in opposite directiona, no p 
nhle effect will be produced, 

603. Tliie explains the resaon why the refractive power of 
vindow-glaBa ploduces do effect on objecta aeca thnnlgh it. ' 
lays aufier two lefraclions, which, being ia contTarr diteetknu, | 
4iue the nme efiect u if no refraction liad taken place. 

604. A lens is a glass, which, according to its pecol 
ibrm, causes the raya of light to converge to a focal, 
disperses them further apart, according to tb« Uwi 
relractioD. 

605. There are various kinds of tenses, named i 
cording to their focus ; but they are all to be considei 
u portions of the internal or external surface of 
■phere. 

nf.105. 




■^ llw nn ba qaliieit Uia apoi be occitpled on i 
hiB la Dm dinctton of IkoM nja, and, conHqwc 
■teahweij Ofhl mlnuiaa and a h^f betOre. IHa 



anlnr Wlir doM ihs rcfrnciiTe pamr nf dii Hindon.|lan pnjduea 
Oixl OB ahjscii laaB Ikroufli II .' «M. Whst ia a leiu t MM. How an 
laoaai u> Im coaaldvnt f Wkai la a aiiiila coom Ibm ' WUai pan of Pl^. 



. opnca iti 

608.' A douUe oonTez lens is ccNivex on both sidet^ u C, Fig. 106. 
8U9. A doable conemre lens is concare on both sides, as U, Fif . 

610. A meaisciis is confcx on one side and concare on the other, 
M £, Fisr. 105. 

611 . Tneazifl of a lens is a liae passing through the centre ; thiiS| 
P'G, Fig.'Tdoi.is the axis of all the five knsest 

612. The pocufiar form of the various kinds of lenses 
eauses the light which passes through them to be re- 

Sicted from its course. {Accordif^ to the laws staled m 
be 593.) 

613. It will be remembered that, according to the laws stated in 
Efo. 593, fight, in passing from a rarer to a denser medium, is re- 
fiaeted towards the perpendicular; and, on the contrary, that in 
passing firom a denser to a rarer medium, that it is refracted further 
nom tSe perpendicular. In order to estimate the effect of a lens, 
we must consider the situation of the perpendicular, with respect to 
the surface of the lens. Now, a perpendicular, to any convex or 
eoncave surface, must always, when prolonged, pass through the 
centre of sphericity ; that is, in a lens, the centre of the sphere of 
which the lens is a portion. By an attentive observation, therefore, 
ai the laws above stated, and of the situation of the perpendicular 
on §aeh side of the lens, it will be found in genertUf — 

Firsts That convex lenses collect the rays into a focus, and 
magnify objects at a certain distance. 

Seoond, That concave lenses disperse the rays, and diminish ob> 
jects seen through them. 

614. The focal distance of a lens is the distance from 
the middle of the glass to the focus. This, in a single 
convex lens, is equal to the diameter of the sphere of 

tflbct the appearance of the heavenly bodies when they are vertical, that is, 
directly over our heads, because the rays then pass vertically, a direction in- 
•ompatibte with refiraction. 

It may here also be remarked, that it is entirely owing to the reflection of the 
Mmosphere that the heavens appear bright in the day lime. If the atmosphere 
fend no reflective power, only that part would be luminous in which the sun ia 
^aoed *, and on turning our bacic to the sun, the whole heavens would appear 
as dark as in the night; we should have no twilight, but a sudden transition 
torn the brightest sunshine to darkness, immediately upon the setting of the sua. 



rspreeentfl a single convex lens ? What is a single concave lens f What part 
of Fig. 105 represents a bingle concave lens f What is a double convex lens ? 
What part of Fig. 105 represents a double convex lens ? What is a double 
eoncave lens i What part of Fig. 105 represents a double concave lens f What 
Is a meniscus i What part of Fig. 105 represents a meniscus i What is the 
axil of a lens ? What line, in Fig. 105, represents the axis of ail the five lenses f 
02. What is stated in No.. 612 with regard to the form of the lenses i How it 
B^t refracted in passing fVom a rarer to a denser meiJium i flow, in passing 
fhmi a denser to a rarer f What must be considered in estimating the effect of 
Isaaes .' Through what must a perpendicular, tu any convex or concave surface. 
always, when prolonged, pass i What is stated with regard to convex lenses r 
What, with regard to concave lenses i 614. What is the focal distance of a 
IsDs I To what Is this equal In a single conve.x lens f To what is it e^ual la a 
doable convex lens ? 

11 
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which the lens is a portion ; and in a double convex 
lens is equal to the radius of a sphere of whteh tho|ki8 
is a portion. 4 

615. When parallel rays* fall on a convex lens, that 
only which falls in the direcfion of the axis ef *the lens 
b perpendicular to its surface, and will continue on in a 
straight line through the lens. The other rays, falling 
obliquely, are refracted to the axis and will meet in a 
focus. 

616. It is this property of a convex lens which ^ives it its power 
as a burning slass. All the parallel myn of the sun which paai 
throufi^h the elass, are collected together in the focus; and. conse* 

auentTy, the neat at the focus is to the common heat of tlie sun, af 
ie area of the glass is to the area of the fucns. Thus, if a lenfl| 
four inches in diameter, collect the sun's rays into a focus, at the 
distance of twelve inches, the image will not be more than one 
tenth of an inch in diameter; the surface of this Tittle circle is IGOO 
times less than the surface of the lens, and, consequently, the heit 
will be 1600 times greater at the focus than at the lens, t 

617. The following effects result from the laws of re- 
fraction, stated in No. 593 ; and, first, with regard to 
CONVEX surfaces. 

CIS. Parallel rays passing out of a rarer into a denser medinm, 
through a convex surface, will become converging. 

€19. Diverging rays will be made to diverge less, to become par- 
allel, or to converge, according to the degree of divergency before 
refi action, or the convexity of the surface. 

620. Converging rays, towards the centre of convexity, will suffer 
.no refraction. 

* The my* of the san are considered parallel at the eorface of the earth. 

f The following effects were produced by r lar&e leim, or burning glnm^ twe 
4let ill dmnieter, made at Leipsic, in lb91. Piecett of lead and tin were iiiMtMUtly 
Bielted ; a plaie of iron was soon rendered reil hot. and HAerwarda Aim^I, or 
Bielied, and a burnt briclt was converted into yell(»w g\nsm. A double convex 
lens, three Teet in diameteis and weighing 212 poundn, made by Mr. Pnrlictr, in 
England, melted the most refl*actory subAtances. Cornelian was fittted iu 75 
ser.o)uIts a crystal pebble in 6 seconds, and a piece or while agate in SO wcoudk 
This lens wav presented by the King of England to the Eiii|>eror of China. 

€15. When parallel rays fhll on a convex lens, which one is per|)eiuliriilAr to 
Its surfHce i IIow are the other rays, falling obliquely, refrnctvi^! What prop> 
crty or a convex lens, gives it its power as a liirruing giaMt f Where are all 
the piirHllel rays of the sun, which pass through the gla^s. collect eil .' flow 
dueft the heal at the focus compare with the couiiuon heHi of the xiin f What 
h relaieti in the note with regard to the etTfCts of Ien9<e>i produced h\ bnrninf 
f lasnes .^ 618 What is the first effect related aH rerfiilriiig I'rom the Inwm of 
retraction, stated in No. 693, with regard to convex Hiirl'aces P 619- Wliai la 
•aid of diverging rays ? 620. What la said of converging rays towarda tke ce^' 
Ire of convexity f 
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€81. Rays converging to a point bejond the centre of convex itjr, 
iviil bt nuicUs mope converging 

&£l. Converging rays towards a point nearer the surface than the 
centre ol* convexity, Will be made less converging by refraction. 

[IVken, the ra^proeud out of a dbhibr into a raiisr meMtitn, tho 
Tooeroe ocewro in took ease.] 

SeeomUyk WUk rtgord to Cokcavb Sutfaeeo. 

023. Parallel rays, proceeding out of a rarer into a denser raedium, 
through a comca^k surface, are made to diverge. 

CfiM -Diveiging rays ate made to diverge more, — to suffer no re- 
fraction, — or to diverge less, according as they proceed from a 
point beyond the centre, from the centre, or between the centre and 
the surftaoe. 

(125. Converging rays are made less converging, parallel, or di- 
verging, according to their degree of convergency before refrao- 
tion.* 

[IVhen ike rays proceed OMt of a denser into a rarer nudium^ tk» 
reverse takes place in each easej] 

626. Double convex, and double concave glasses, or 
lenses, are used in spectacles, to remedy the defects of 
the eye, when by age it becomes too flat, or loses a 
portion of its roundness ; or when by any other cause 
It assumes too round a form, as in the case of short- 
sighted (or, as they are sometimes called, nearsighted) 
persons. Convex glasses are used when the eye is too 
flat, and concave glasses when it is too round.*!* 

627. The eye is composed of a number of coats, or 
coverings, within which are enclosed a lens, and certain 
humors, in the shape, and performing the office of con- 
vex lenses. 

* The above eight principle* are all the necessary consequence nf the opera- 
Uon of the three laws mentioned in number 693. The reason that so many 
4lifl«H'eiit principles are produced^ by the operation of those laws, is, tliat the 
perjiendiculars to a convex or concave surface are constauily varying, so that 
no two are parallel. But in flat surfaces the perpendiculars are parallel ; and 
one Invariable result is produced by the rays when passing Troin a ravtr to a 
denser, or from a denser to a rarer medium, having a flat surikce. 

t These lenses or glasses are generally numbered by opticians, according to 
their degree of convexity or concavity ; so that by knowing the number that fits 
the eye, Ijie purchaser can generally be accommodated without the trouble of 
trying many glasses. 

ig21. What of rays converging to a point beyond the centre of convexity f 
6S2. What oAfays converging to a point nearer the sur&ce than the centre €^ 
convexity } When the rays proceed out of a denser into a rarer medium, what 
eocars $ 623. What is stated, in No. 623, with regard to concave surfaces f 
624. What is said of diverging rays f 625. What is said of converging rays? 
Of what are the above eight principles the necessary consequence i What istha 
raason that so many different principles are produced by llie uperation of thesa 
laws i 626. Vor what are double convex and concave glnsses, or lenses, used 
in spectacle* f What glasses are used when the eye U too flat f What ai* 
oaed whei^the eye is too round } 637. Of what is the eye composed ' 
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628. The different parts of the eye are : 



6. The Vitreous HmM'. 

7. The Retin^ 

8. The Choroid. 

9. The Sclerotica. 




1. The Cornea. 

2. The Iris. 

3. The Pupil. 

4. The Aqueous Humor. 

5. The Crystalline Lens. 10. The Optic Nerve. 

629. Illustration. Fig. 106 repre- Pig. 166. 
Bents a front view of the eye, in which 
a a represents the cornea, or, as it 
IS comoionly called, the white of 

'the eye ; e e is the Iris, which is of 
different colors in different persons; 
and we call a person's eye black, 
blue, &c. according to the color of 
the Iris. The Iris has a circular 
opening in the centre, called the pupil, 
/», which contracts in a strong li^t. 
and expands in a faint light, and 
thus regulates the quantity which is 
Emitted to the tender parts in the interioT of the eye. 

630. Fig. 107 represents a Fig. 16ff. 
side view of the eye, laid 
open, in which b b represents 
the cornea, e e the Iris, d d the 
pupil, //the aqueous humor, 
g g the crystalline lens, h h 
the vitreous humor, iiiii the 
Retina, c e the choroid aaaaa 
the sclerotica, and n the optic 
nerve. 

631. The cornea forms the 
anterior portion of the eye. 
It is set in the sclerotica in 
the same manner as a crystal 
of a watch is set in the case. 
Its degree of convexity varies in different individuals and in difibr- 
ent periods of life. As it covers the pupil and the iris, it protects 
thein from injury. Its principal ofBce is to cause the light which 
reaches the eye, to converge to the axis. Part of the light, howefffr, 
is reflected by its finely polished surface, and causes the briUiancy 
of the eye. 

632. The Iris is so named from its being of diiSferent colon. H » 
a kind of circular curtain, placed in Ihe front of 4he eye to regaUte 
the quantity of light passing to the back part of the eye. It has a 
circular opening in the centre, which it involuntaiily enlargu or 
diminishes. 

■I ■ ■■■■P. — I ■■■^■. .1 ■ ■ — !■ — ^^i— M^^— ^B^ 

628. What are the different parts of the eye. First.' Second? Thinlf 
Fourth f Fifth f Sixth f Seventh f Eighth f Ninth f TeMh > What does 
Fig. 10G represent i Explain the Fig. What does Fig. 107 represent i BxptaUn 
the Fig. What part of the eye does the cornea form f Is its degree of cooTex- 
ity the same in all persons and all periods of life f What is its principal ofllee f 
632. From what does the iris take its name t What is the use oC the iris f 




.- .— - - -• «1«I. . 

D eje,>liat io qii*ilnipHl« it ii of difi^rvnt shape. When tb* 
pqpil ia expanded to ita utouxt extent, it i> capahle of wlauttiag (em 
timea the quantilf of light Umt it dun wben moat canlncted.*^ I> 
caU and other animala, which are laid lo iee in the diib, the power 
of dilatMiMi and cootracuoo » muoh gftealer ; il !• oomputfd, that 
theii ^pila nuj reoeive ooe hundied times moie [ight at one tins 
than at anolber. The lisht oaly, which puaes the pupil, can Iia 
of Mae i> viUDQ ; that which lalli on the jiii ia reSecled, retarna 
tluvugh the cornea, and exhibits the oolor o{ the iiii. 

634. The •queoui humm ia > watery fluid, I aa clear aa the pnreal 
water. In ahape it reseoiblCB a mcaiicua, and, being aitiuled ha- 

and traoBOiitting the raja of tight from eilernal ohjecta lo that lena. 

635. The erjitilline lena 1* a tranaurPtit body, in the form of • 
doobte convex teni, placed between the aqueous and vitreoiu ho- 
man. Ilf office ia not only to collect the raja lo a focus, on tha 
Ktina,bul also to increase tbeinlentit; of the light which ia directed 
to tiie bach part of the eye. 

63G. The vitreoua humor (ao called from ila resembtance to melted 
glsaa,) ia a peijecllr liauspaKiit mass, occupying the globe of tha 
ere. Ita shape is like a meoiscos, whose comeiity grealiy exceeds 
the eoucai(ty. 

637. In Figure 108 the ahape of Flc. t<M. 

the aqueous and vitieoua hamora, 
and the cryatalline lena ia pie- 
aenled. a is the aqueoua hoinor, 
which is a meniacuaj b the cn>- 
talliDC lena, whiuh ia a double 
eonvei lens, and t the ritreons 
bnnior, which is, alao, a meniscua, 
whose coDcarity has a imaller 
radius than ita con"eiity. 

The retina ia the sent of vlaion 
«r aighl. Tfae rays of light being 
refracted in'llieir passage by Itie 
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•tftlmr parts of the eye, aie brought to m'Ibemi in tbe Telnift, wtkou 
an inverted image of tbe object is Tepreaentsd. 

638. The choroid is the inner ooat or oo««griiig4if the cyo. Hi 
outer and inner surface is covered with a adbataiioe called tlie^p^ 
wtetUum nigrum, (er black painty Its office is, appaxen%,to abaocb 
the rays of light immediately after they have fallen oo tbe lelha. 
It is the opinion of some pbiloeophers, that^^t ta the eheinsd end nft 
the retina, which conveys the sensation produeed bgr fmymmt light 
to the brain. 

639. The sclerotica is the outer coat of the eye. It4erives IH 
name from its hardness. Its office is to preserve the globular figura 
of the eye, and defend its morrdeliaate internal struetoie. To the 
sclerotica are attached the muscles which move the eve. It le* 
eeives the cornea, which is inserted in it somewhat like a wateh 

S*S88 in its case. It is pierced by the optic nerve, which, passiiif 
rough it, expands over the inner surface of the choroid, end thui 
forms the retina. 

640. The optic nerve is the organ which carries the impressloiii 
tnade by the rays of light, (whether by the medium of the retina, <v 
the choroid,) to the brain, and thus produces the sensation of sight* 

641. The eye is a natural camera obscwra, and the 
images of all objects seen by the eye are represented 
on the retina, in the same manner as the forms of ex* 
ternal objects are delineated in that instrument. (See 
No, 551, note,) 

642. Fig. 109 represents only those parts of the eye which are 
must essential. The image is formed thus. The rays from the 



Fig. 109. 




object c dj diverging toward the eye, enter the cornea e, and cross 

* For the nbove description of the eye and its parts, the author is mainly 
indebted to Paxton^s Introduction to the Study of Anatomy, edited by Dt* 
Lewis of this city. 

638. What is the choroid ? By what is its outer and inner surfkce corerad f 
What is its oHice f What is the opinion of some philosophers with r^fard to 
the choroid f 639. Wh u is the sclerotica f From what does it derive its nanro f 
What is its olHce f Whnt are attached to the scierotici .' 640. What is the 
eptic fierve i 641. What is stated, in No. 641, with regard to the represents 
tions on the retina of the images of all otijects seen by the eye f 642. Explain 
Fig. 109. 



onB MMtlaer io their paange. Uuoogli the ^111111110 1mm ^ hj 
wluch ikejr are vui4i to eonfeige on the retina, where ihej umo 
the tfivecUMi* ima^y «. 

.643. The conTezity of the crystalline hamor is increased or 
diminished by means of two moscles, to which it is attached. By 
this means the focus 6f the rays which pass through it, constantlr 
hXk<ma the TOtina ; «nd mm -eqaally distinct imsfe is fimned, holli 
of diniiit olijeets and those which are Jiear. 

644. A sioofe microscope consists simply of a oonfox 
lens, commonly called a Inagnifyinff glass ; in the foous 
of 'which the object -is placed, and through -which k is 
▼iewed. 

€45. By means of a microscope the rays of light from an objeet 
are caused to diverge less ; so that when they enter the pupil of the 
eye, they fall parsllel on the crystalline lens, by which they are 
refraoied Jto a focus on the retina. 

646. Fig. 110 represents a convex lens, or single microscope, C P. 
The diverging rays from the objeet A B are refracted m their ^psa- 

F|i.UO. 




age through the lens C P, (See second law qf Dioptrics under JVb. 
5^,) and made to fall parallel on the crystalline lens, by which 
they are refracted to a focus on the retina R R ; and the image is 
thus magnified, because tlie divergent rays are collected by the 
lens and carried to the retina. 

* AltlioiH^h the image i« iuTerted on therothia, we -see objects ereef, bceanee 
d1 the imafes, fbrmeiron the retina have the same relative position which the 
objects themselves have; and as the rays all cross each otiier, the eye is directed 
spwards, to reodve the rays which proceed from the upper part or an object, 
■ad downwards, to receive those which proceed f\rom the lower part. 

A distinct Imate is also formed on the retina of each eye; but aa the optic 
aerres of the two eyes ui^te, or cross each other before they reach the brain, 
the Impressions received by the two nerves are united, so that only one idea is 
axdted, and objects are seen single. Although an object nmy be distinctly seen 
with only one eye, it has been calculated that the use of beth eyes makes a 
dUlbrence of about one twelfth. From the description now given of the eye, It 

'Note, Why do the objects appear erect when the images are inverted f Why 
do we aee only one Image, when an Image is formed on both eyes ? 643. By 
what Is the convexity of the crystalline humor increased or diminished ? What 
b ajlheted by this means f 644. What is a single microscope ? 645. What is 
the me of this microscope i 646. What figure represents a microscope ? Ex- 
phdn the figure f 
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047. Those leipses or microscopes which have the shortest fneoM^ 
Iwve the greatest magnifying power ; and thostf which are the most 
bulging or convex, have the shortest focus. Lenses are made small 
because a reduction in size is necessary to an increase of curvature. 

648. A double microscope consists of two convex 
lenses, by one of which a magniiied image is formed,* 
and by the other this image is carried to the retina of 
he eye. ^ 

G49. Fig. Ill represents the efieot produced by the lenses of a 
double microscope. The rays which diverge from the object A B 
are collected by the lens L M, (called tlie object j^lass, because it is 
nearest to the object,) and form an inverted ma^pnified image at C D. 




The rays which diverge from this ima^ are collected by the lens, 
N O, (called the eye glass, because it is nearest to the eye,) which 
acts on the principle of the single microscope, and forms a still 
more magnified image on the retina R R. 

^650. The solar microscope, is a microscope with a 

may be tetm wliat are Che defects inrhfch are remedied by the use of concave 
and convex lennefl ; and how the use of these lenses remedies them. When 
the crystalline humor of the eye is too round, the rays of light, which enter the 
eye, are converged to a focus before they reach the retina, and, therefore, the 
image will not be distinct ; and when the crystalline humor is too ^o/, (as it 
often the caste with old persons,) the rays will not be convergeil on the reiina, 
bat tend to a point beyond it. A convex glass, by assisting the converi^ency 
of the crystalline lens, brings the rays to a focus on the retina, and produces 
distinct vision. 

The eye is also subject to imperfection by reason of the hum9rs losing their 
transparency, either by age or disease. For these imperfections no gltuises ofTer 
a reme«ly without the aid of surgical f^kill The operation of couching and 
removing cataracts (Vom the eye consists in making a puncture or iucisioo 
tliT'tugh which the diseased part may escape. Its oflice is then supplied by a 
lens. If, however, the operator, by accident or want of skill, permit the ▼itre- 
ous humor to escape, the globe of the eye immediately diminishes in size, and 
total blindness is the inevitable result. 

Note. What are the defects which are remedied by the use of concave and 
convex lenses? In what other wav is the eye subject to imfterfection ( Is 
there any remedy for this f 647. What lenses have the greatest magnlKing 
power? What lenses have the shortest fucus? 648. Of what does a double 
microscope consist ? What is the nse of these two lenses ? 649. Wtiat does 
Fig. Ill represent i Explain the figure. 650. What is the solar microacope? 
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mirror tfCtacthed to it| upon • movable jonit, which o«n 
he so adjusted as to receive the sun's rays and reflect 
them upon the object It consists of a tube, a mirror 
or looking glass, and two convex lenses. The sun's 
rays are reflected by the mirror through the tube upon 
the object ; the image of which is throwm upon a white 
screen, placed at a distance to receive it. 

651. The microscope, as above described, is tiaed for viewing 
tnmsparent objects only. When opaque objeots are to be viewed, 
a mirror is used to reflect the light on the side of the object; the 
image is then formed by li^ht renected firom the olgecE^ instead of 
being transmitted through it. 

65^. The magnifying power of a single microscope is Ascertained 
by dividing the least distance, at whicn an object can he distinctly 
seen by the naked eye, by the focal distance of the lens. This, in 
common eves, is about 7 inches. Thus, if the focal distance of a 
lens be oijy the | of an inch, then the dimmtier of an object will 
be magnified 28 times, (because 7, divided by ^. is the same as 
multiplying 7 by 4,^ and the mrfmee will be magnified 7S4 timM. 

653. T£b magnifying power of the compound microscope is 
found in a similar manner, by ascertaining tne magnifying powtr 
first of one lens, and then of the other. 

654. The magnify ing power of the solar microscope is in proper 
tion as the distance of tne image, from the object glass, is greater 
rthan that of the object itself firom it. Thus, if the distance of the 
object from the object glass be ^ of an inch, and the distance of 
the ima^. or picture, on the screen, be ten feet, or 120 inches, the 
Object will be magnified in length 4811 times, or, in surface, 230,000 
times.* 

655. The magic lantern is an instrument constructed 

on the principle of the solar microscope, but the light 

is supplied by a lamp instead of the sun. 

66R. The objects to be viewed by the ma^ic lantern ate generally 
•painted with transparent colors, on gtlaas slides, which are received 
into an opening in the front of the lantern. The tight from the lamp, 
in the lantern, passes through them, and carries tne pictures, paint- 
ed on the slides, through the lenses, by means of which a magnified 

* ▲ kos may be oained to sntgiii/y or to diminbh an object, ir the oldeot ^ 
^aoed at a distance flrom the rocos of a lena, and the image be formed in or near 
fbeos, the image will be dimlniahed ; but if the ot^eet be pfaMsed near the 
Hm image wUl be magnified. 



or what doea it consist f By what, in this microscope, are the sun*s rays re 
tfectsd, aad open what f 661. For viewing what olyeots, only, is the mlasro. 
seope, aboTe described, uaedf How do those microscopes used for ▼iewisf 
jSpaque ol^lects, difibr firom these? How is the image then formed > 662. How 
As tlM msi^niiying power of a single microscope ascertained? .Illuatrate iMs. 
SSB. Sow is the magnifying power of the compound microscope ascertained f 
AM. In what {nroportion is the magnifying pOwer of the solar mteroeeope i Jl 
Inatrsie this. NoU. How may a lens be made to SMgnify or rflsnHif'' 
|set r 666. What is the magic lantern ? 
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■ c, which is called the eondennng leiu, beouMe it 

nlargequantitf of light upon the object punted on Um 

dide, interied U b. Tbe rija froni tho illDmiaaled object « t, am 
carried divergent through tbe lena a, forming an image OD tba 
aueen at /. Tbe image witl increase dt diminish in aiie, in pro- 
portion to the distance of the scieea from the leu a. 

668. A telescope is aa iQalniment for viewing distant 
objects. 

659. There are two kiDtls of (eteacopes, namely, tba 
refractiag teleacope and the reflecting telescope. 

660. A refracting telescope is one la which the objeci 
itself is viewed, through the mediiun of a number <^ 
leases. 

€Gt. A reflecting telescope is one in which the image 
of the object is reflected from a concave mirror, withm 
the tube of the telescope, and viewed through a number 
of lenses.* 

66S. There are two kinds nf refrscling telescopes, cilled the aa- 
tronomical leleaoope, or night glass, and tbe lerresliial telescope, or 

■ Tha Insca or tba ob)Mi sMn ihraiigh a rcnacilDf ielew»pc 1> nsTarsaetan 
and perfect sn Ihai obialitHdby ihe refleettnf lelAscope; becaaH thedtaparalaasf 
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day flrlans.* In the former, or night glmis, there are but two lenaea 
or glaaaes, bat the object is yiewed in an inverted position. As the 
^■ss Is need principallj for viewing the heavenly bodies, the inver- 
iipn of the ima^ produces no inconvenience. In the latter, or day 
glass, two 'additional lenses are introduced to give the image its 

Ditural position. 
663. Fig. 113 represents a night glass, or astronomical telescope. 

It consists of a tube, A fi C D, containing two glasses, or lenses. 

Tlie lens, A B, having a longer focus, forms the object ghws ; the 

other lensy D C, is the eye glass. The rays from a very distant body. 
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as a star, and which may be considered parallel to each other, are 
leftacted by the object glass A B to a focus at K. The image is then 
Ken through the eye glass D C, magnified as many times as the 
focal length of the eye glass is contained in the focal length of the 




ige is inverted ; for the ray M A, ader refraction, will be seen in 
the direction C O, and the ray N B, in the direction D P. 

664. Fig. 114 represents a day glass or terrestrial telescope, com- 
monly called a spy glass. This, likewise, consists of a tube, A B 
H G. containing four lenses, or glasses, namely, A B, C D, £ F, 
and G H. The lens A B is the object glass, and Cr H, the eye glass. 
The two additional eye glasses, E F and C D, are of the same size 

FIf. 114. 




•ad shape, and placed at equal distances from each other, in such a 
manner that the focus of the one meets that of the next lens. 
These two eyeglasses, E F and C D, are introduced for the purpose 
of collecting the rays proceeding from the inverted image M N, 
into a new upright image, between 6 H and E F, and the image is 

*8ome glaaaea or teiencopes are marked ** Night and Day." These have four 
two of wliicli can lie removed when the heavenly bodies are viewed. 



What are they ? flow do they difler the one from the other { 66S. 
What does llgure 113 represent? Explain the ligure. 664. What does flfure 
114 rspreaeut i Explain the ligure. 
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then wen through tiie kst ejvglani G H^midMr the aagle o£ 

6tX>. Fig. llSreprmentBrniefleetiiigtelescoBe^ Thi»coiiMBte«lM| 
of • lam tube, eontainin^ two eoneave mtflaltie mirrony {See mttm 
her GC^) A B and C, with \m» plsno-eoairax ef9 glaMe*. 'TImI. 
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mirron are phnjed at a little more than the stun of their fbeal dia* 
tance from each other. The parallel rays r r, coming from a distant 
object^ are reflected to a focus gf by the concave mirror, A B, and 
tiins form an inverted image at g ; the diverging rays proceeding 
from this image are again reflected by the small mirror C, and re* 
OBived by the eye glass F, through an apertore in the middle of tlifr 
mirror A B. The eye glass F collects these reflected rays into » 
A»w image, at I, and wis image is seen magnified through tlie 
Meond eye glass, G. 

6G6. In reflecting telescopes, mirrors are used to bring the hnagv 
near the eve, and a lens, or ejre glass, to magnify the image. 

The advanta^ of reflecting telescopes is, that they posaeat 
ipreater magnifying power, and do not decompose the light. 

667. That part of the science af optics which relaiea 
to colors is called Chromatics. 

668. Colors do not exist in the bodies themselves, but are caused 
by the peculiar manner in which the light is reflected from tlieir 
surfaces. [Set Jio. 22.] 

6B9.. Light i» composed of rays of diflTerent colors, 
which may be separated by a prism. * 

670. A prism is a solid triangular, or three-sided 
piece of highly polished glass, generally six or eight 
inches long. *]* [jSIcc Fig. 116.] 

*'Thi8 discovery was made by Sir Isaac Newton. 

ti A priiim may be made of tliree pieces of plate glass, about six or eight Indb^ 
es long, and two or three broad, Joined together at thehr edges, and mads wst ssi 
tight by pntty. The ends may be fitted to a triangular piece of wood, In one of . 
whieh an afierture is made by which to All it with water, and thus to gjvs it tlM 
appearance and the refractive {lower or a solid prism. 

665. What does fljsure 115 represent ? Explain the tlgun. 666. Why an 
mirrors used in reflecting telescopes .' What is the use of the lens f What ii 
the AiivaniHge of the reflecting telescope f 667. What is chromatics i 666. 
What causes color f 669. Of what is light composed ? How can these rays 
be separated f Note. By whom was this discovery made f S7Q*. Wlbai. ia i 
nrism ! Ifote, How may a prism be made ? 
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671. The colors which enter into the composition of 
hght are seven,* namelj, red, orange, yellow, green, 
blue, indigo, and violet. £ach of these have dilerent 
degrees of refrangibiiitj. f 

672. When light is made to pass through a prism, the 
different colored rays are separated, and form an image 
on a screen or wall, in which the colors will be arranged 
b the order in which they are enumerated in No. 671. 

673. iUv^raUon, Fig. 11(5 repreflents rays of light passini^ from 
the aperture, in a window-shatter, A B, through the prism P. Ii»> 
itead of continuing in a straight course to E, and there forming an 
image, they will be refracted, in their passage throufirh the prism, 
and form an image on tlie screen, C D. But as the diiferent color- 
ed rays have different decrees nf refrangibility, {Sm JVo. 5UU,) or, 
ill other words, sufier different degrees of refraction, those which 
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are refracted the least will fall upon the lowest part of the screen, 
and those which are refracted the most will fall upon the highest 
part. The red rays, therefore, suffering the nmallesl degree of re- 
fraction, fall on the lowest part of the screen, and the remaining 
colors are arranged in the order of their refraction. X 

* These colors have been reduced to three, 
f Note. See note to No. 593, page 118. 

X It is supposed, that the red rays are refracted the least, on account of their 
greater momeiiium, and that the blue, iiidiffo, and violet are refracted tne innsL 
benuiie they have the least momentum. The same renson, it is supposed, will 
account fbr the red appearance of the Kun, through a fog,or nt ritiing and setting. 
The iucreased quantity of the atmosphere, which the oblique ravH uiunt trav- 
erse, and iu iHsing loaded with niistts and vapors, which are usually formed at 
UuMe times, prevents the other rays from reaching us. 

h. Niniilar reason will account for the blue appearance of the sky. As these 
fays have less momentum, they cannot traverse the atmosphere so readily as 

671. How many colors enter into the compoHition of light f What are they f 
IK) these rays ail have the same degree of refrangibility i 672. What takes place 
when light is made to pass through a prism i 673. Explain flgiire 116. Why do 
the red rays fall on the lowest part of the screen ^ Note. What is supposed 
with record to the red rays t What with regard to the blue, indigo, and violet 
lays f Why does the sun appear red through a fog ! Why does the sky appear 
•r a bliM colfMr f 

12 
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€74. If the colored rays, wbich have been wpantotf by a prieni, 
fall upon a convex lens, they will converge ti) a focoa, and appear 
^hite Hence., it appearsi that white is not a nmphs eolor, but i» 
produced by the union of seveni) colors. 

675. The spectrum, forined by a glass prism, being di^ded inl» 
960 parts, it is found, that the red occupies 45 of tme parts, the 
.f»range 27, the veUow 48, tlie green 60, the blue (iU, the indigo 40, 
and the violet oO. By mixing the seven primitive colors in these 
proportions, a white is obtained ; but, on account of the impurity 
of all colors, it will be of a dinffy hue. If the colors were more 
elearly and accurately defined, me white, thus obtained, would ap- 
pear more pure also. An experiment to prove what has just been 
•aid may be. thus performed. Take a circular piece of board, or 
ftard, and divide it into parts, by lines drawn from the centre t«> the 
circumference. Then, having painted the seven colors in the pro^ 
portions above named, cause Uie board to revolve rapidly around a 
pin or wire at the centre. The board will then appear of a white 
color. Fiom this, it is inferred, that the whiteness of the sun's light 
arises from a due mixture of all the primary colors. 

676. The colors of all bodies are either the simple colors, as re* 
fracted by the prism, or such compound colors as arise from a mix* 
ture of two or more of them.* 

677. The rainbow is produced by the refraction of 

the sun's rays in their passage through a shower of rain; 

each drop of which acts as a prisnr ia^parating the- 

eolored rays, as they pass through it. 

676. This is proved by the following considerations. Firstj A 
rainbow is never seen except when rain is falling, and the sun shin* 
ing at the same time ; and that the sun and the bow are always in 
opposite parts of the heavens ; and^gecondlyf that the same appear- 
ance may be produced artificially, by means of water thrown intO' 
the air, when the spectator is placed in a proper position, with his- 
back to the sun ; and, thirdly y that a similar bow is generally pro- 
ceed by the spray which arises from large cataracts, or waterfalls, 
such, for instance, as the Falls of Niagara. 

679. llie color of all bodies depends upon the ray^ 
which they reflect. 

Me nttier rays, and tliey are, tlieretbre, reflected Imck to oar syea by the atmoa* 
phera. If the atmosphere did not reflect any rays the aklex wouM sppeAT psr> 
fcctly black. 

* From the experiments of Dr. WoHaston, it appears that fba aeren colors 
Ibrmed by the prism, may be reduced to four, namely, red, green, blue, amf 
violet ; and that the other colors are produced by combinations of tbe»e. t6'e« 
%ote to No. 671.) 

What would be the appearance of the sky if the atmosphere did not reflect 
any rnys i 674. Is white a simple color * How is it produced*.' 675. The spec- 
trum formed by a priHoi, being divided into 360^ parts, how many <if these |*arle 
does the red occupy ? The orange^ Tf»e xellow? The green ? The blwe^ 
The indigo ? Thn violet .' 676. What are' the colors of all bodies ? Not*. 
What appears from the experiments of Dr. Wollasion i 677. How ih the rnin- 
kow priNluced f 678. How is this proved? First? flaooudf Thirds 610^ 
Upon what does the color of all bodies depend f 
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680. Some bodies ftbsorb all the rays which thev receive except 
file red rays. These bodies, therefore, api)ear of a red color, — 
tome reflect the green, and absorb all the f»thprs, — these will ap- 
pear of a gn.'en color; and, in general, bodies appear of the color 
of those nys which they reflect, while they absorb all the other 
rays. Sometimes a body reflects a portion of the rays of cevenil 
odors. The body will then apiiear of a compound cofor, composed 
of the ▼arious colors which it reflects. When a body reflects all 
the rays, it appears lokittj — when it absorbs all the rays, it appears 
llack. White, then, is a mixture of all the primitive colors, an J 
black is the deprivation of all color. 

681. From what has now been said, it appears, that no body has a 
permanent or intrinsic color of its own, — but that color, as well as 
weight, are ncdderUalf and not essential properties. (3^ JVo 23, 
page 7.) All substances appear of the same color, or rather, more 
pruperly speakings are deprived of all color, in the dark. Light. 
from whatever source it proceeds, is of the same nature, composea 
of the various colored rays ; and although some substances appear 
di^rently by candle-li^h't, from what they appear by day, this result 
fnay be supposed to arise from the weakness or want of purity in 
•ffttfioimi light. 

GdQ, Tnere can be no light without colon, and there can be no 
colors without light. 

683. That the above remarks, in relation to the colors of bodies, 
are true, may be proved by tlie following simple experiment. Place 
a colored body ift a dark room, in a ray of liehtthat has been refrao- 
ted by a prism; the body, of whatever color it naturally is, will 
appear of4iie color of the ray in which it is placed; for, since it 
receives no other colored rays, it can reflect no others. * 

684. A multiplying glass is a convex lens, one side 
of which is ground down iato several flat surfaces. 

* Although iKNlies, from the Rrranfement of their particles, baye a tendency 
Co absorb some rays, aud reflect others, they are not so uniforni in their arrangs- 
BMHi\s to relleot only pure rays of one color, and perfectly absorb all others^ 
it is fuuud, on the contrary, that a l>(Miy reflects, in great abundance, the rays 
which deter/nin« its color, and the others, in a greater or less degree, in propo^* 
tion as they are nearer or further fi-om its color, in the order of ref>AngibiIity. 
Thus, the green leaves of. a rose will reflect a l^w of ihe red rays, which will 
give thasi a brown tinge. Deepness, or darltness of color, proceeds from a defi- 
elsncy rather than from an abundance of reflected rays. Thus, if a body reflect 
(mly a few of the green rays, it will appear of a dark green. The brightness 
and isteiMiiy of a color shows that a great quantity of rays are reflected. That 
bodies sooieUmss rJiaiige their color, is owing to some chemical change, which 
lakes i^laM in the imerual arrangement of their parts, whereby they lose their 
tsodency to reflect certain colors, and acquire the power of reflecting others. 

680. Of what color do bodies generally appear f When will a body appear 
ef a compound color i Of what color will a body appear that reflects all the 
nys? When will a body appear black ? 681. Is color an essential property 
•f abcMiy ? Of what color do bodies appear in the dark ? Why do t>onie boiiies 
appear difl^srently by candle-light i 682. What Is necessary to produce color? 
What e»|>«rimeiits are related to prove the truth of the above f Note. What 
ny»doe».a body reflect in the greatest abundance ? In what proportion does It 
reflect the ether rays ? Why do the green leaves of a rone appear to have a brown 
tinge i What does the brightness and intensity of a color show i Why do soma 
Bodies dumfe their color t 684. What is a multiplying glass } 
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685. When an object is viewed through a multiplying glass, tt 
will be multiplied as many times as there are flat surfaces on the 
lens. Thus, if one lighted candle be viewed through a lens, having 
twelve flat surfaces, twelve candles will be seen Uirouj^h the lens. 
The principle of the multiplying glass is the same with that of a 
convex or concave lens. 

686. The Kaleidoscope* consists of two reflectinff 

surfaces, or pieces of looking-glass, inclined to each 

other at an angle of 60 degrees, and placed between tlie 

eye and the objects intended to form the picture. 

687. The two plates are enclosed in a tin or paper tube, and the 
obiects, consisting of pieces of colored glass, beads, or other bijghly 
colored fragments, are loosely confined between two circular pieces 
of common glass, the outer one of which is slightly ground, to 
snake the light uniform. On looking down the tube through a small 
aperture, and where the ends of the glass plates nearly meet, a 
b^utiful figure will be seen, having six anijples, the reflectors being 
inclined the sixth part of a circle. If inclined the twelfth part, or 
twentieth part of a circle, twelve or twenty angles will be seen. 
By turning the tube so as to alter the position ot the colored frag- 
ments within, these beautiful forms will be changed ; by which an 
almost infinite variety of patterns may be produced. 



, SECTION XVI. 

Electricity, 

688. The word Electricity t is a term used bj ijhilos- 
ophers to signify the operations of a very subtile and 
elastic fluid, which pervades the material world. Elec- 

* The word Kaleidoscope is derived from the Greek lanfiuM, and meaet, 
**The sight of a beauunil form." The instrument was Invented by Dr. Brew 
•ter, of Edinburgh, a few years ago. 

t This word is derived from a Greeic word, which sifnlfles amber, beeame tkii 
substance was supposed to possess, in a remnrtiable degree, the property of pro* 
ducing the fluid, when excited or rubbed. The property itself was flrat dieoov- 
ered by Thales, of Miletus, one of the seven wise men of Greece. The woni is 
now used to express both the fluid itself, and the science which treats of it. 

The nature of electricity is entirely unknown. Some philosophers conaidsr 

685. How many times will nn object, viewed through a muUiplying glass, be 
multiplied? What is the principle of the multiplying glass f 686. Of what 
does the kaleidescope consist r ffote. From what is the word kaleideseope de- 
rived, and what does it mean ? By whom was the instrument invented f 687. 
What is here said with regard to the kaleidescope ? 688. What is eleelrleity f 
What is stated in the note with regard to the word electricity .* By wkom was 
this property first discovered f 
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tricitj can be teen only in its effects; which are exhibited 

in the form of attraction and repulsion. 

680. If apiece(iftaiber,oraeftliiig-waz,orapieoeornnnothglafls, 
perfectly clean and dry, be briskly rubbed with a dry woollen clnthy 
and immediately afterwards be held over small and light bodies, 
■iich as pieces of paoer, thread, cork, straw, feathers, or fragments 
of gold leaf, strewed upon a table, these bodies will be attracted, 
and fly towards the surface that has been rubbed, and adhere to it 
for a certain time The surfaces that have acquired this power of 
attraction are said to be ezmled ; and the substances thus suscepti- 
ble of bein^ excited are called deetries^ while those which cannot 
be excited in a similar manner are called turn- electrics. 

690. The science of electricity, therefore, divides all 
sabstances into two kinds ; namely, Electriea, or those 
substances which can be excited, and ^(m-tUct%ic9^ or 
those substances which cannot be excited. 

691. The electric fluid is readily communicated from 

one substance to another. Some substances, however^ 

will not allow it to pass through them, while others give 

it a free passage. Those substances, through which it 

passes without obstruction, are called conductors ; while 

those through which it cannot readily pass are called 

non-conductors ; and it is found, by experiment, that all 

electrics are non-conductors y and all non-electrics are good 

conductors of electricity. 

(X)2. The following substances are eUctnes^ or non-conductors of 
electricity ; namely, 

Atmospheric air, (when dry,) Feathers, 

Glass, Amber, 

It a flokl ; others consider it.as two fluids of opposite qualities ; and others again 
deny \\a materiality, and deem it, like attraction, a mere property of niaiter. In 
thi* voliinie the opinion of Dr. Franldin is adopted, who snpposed it to be a 
rinrfe fluid, dispoKied to diffuse itself equally among all (iuh«tances *, and exhibit- 
ing iu |»eculiar eff'ects only when a btwiy by any ine^ns becomes pfl«tieiwed of 
more or less than its proper share. That when any substance hax mure than its 
■atural share, it is said to be pontively electrified, and that when it has letm than 
ita natural share, it is said to be negatively eleclrifle<l, — that positive electri- 
city implies a redundancy, and negative electricity a deficiency of the fluid. 

JfoCe. What is stated with regard to the nature of electricity f Whose and 
urtiat opinion is adopted in this volume f When iti a sulii^tHnce xatd to tie poni- 
tlveiy el«ccrifle<l ! When is it said to be negatively electrified f What dcieii post* 
tlTe electricity imply i What does negative electricity impiv f How can elec- 
tricity be seen ? 689. How are these effects exhibited f What illustration of 
ttafs is given ? What is said of the surfaces which have acquired the power of 
attraction * What are electrics f What are non-electrics i 690. Into how 
many Itinds does the science of electricity divide all substances .' What are theyr 
891. Wliat Is s-iid with regard to the communication of the electric fluid from 
one stilmtance to another i Will all substances allow it to pass ihronith them f , 
What ItiidSes are called conductors i What bodies are called non-conductors ? 
What has been foimd, by experiment, with regard to electrics and non-electrics ? 
Wliat substances are electrics or non-conductors f 

12* 
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Diamond, Sulphur^ 

All precious stones, Silk, 

All gums and resins, Wool, 

The oxides of all metals, Hair, 

Bees- wax, Paper, 

Sealing-wax, CJotton. 

All these substances must be dry, or they will become mon m 
less conductors. 

693. The following substances are non-electrics, or condBeton 
of electricity ; namely. 

All metals, Living animals, 

Charcoal, Vapor, or steaoL 

694. The following are imperfect conductors, (that is, they ocii> 
duct the electric fluid, but not so readily as the substances above 
mentioned,) namely. 

Water, Common wood. 

Green vegetables, '' Dead animals, 

Damp air, Bone, 

Wet wood, Horn, &c. 
All substances containing moisture, 

695. When a conductor, that is, a substance which 
can conduct electricity, is on all sides surrounded by 
non-conducting substances, it is said to be instdated, 

696. As glass is a non-conducting substance, any conducting 
substance surrounded with glass, or standing on a table or stooj^ 
with Mass legs, will be insulated. 

697^ As the air is a non-conductor, when dry, a substance which 
rests on any nonconducting substance will be insulated, unless it 
communicate with the ground, the floor, a table, &c. 

698. When a communication is made between a 
conductor and an excited surface, (Sec ^o, 689,) the 
electricity from the excited surface is immediately con- 
veyed by the conductor to the ground ;* but if the con- 
ductor be insulated, its whole surface will become elec- 
trified, and it is said to be charged. 

* The earth may be considered a» the principal reservoir of electricity ; and 
when a communication exists, by means of any conducting substance, betweea 
a body containing more than its naturHl share of the fluid, and the earth, the 
body will immediately lose its redundant quantity, and the fluid will escape to 
the earth. Thus, when a person holds a metallic tube to an excited surAfie, 
the electricity escapes from the surface to the tube, and passes from the tubs 
through the person (as living nnimnis are good conductors) to the floor; and the 



Why must these substances be dry } 693. What substances are non-electrici 
or conductors ? 694. What substances are mentioned as imperfect conductors? 
695. When is a substance said to be insulated f 698. When a communlcatioo 
is made between a conductor and an excited surface, where Is the electricity 
from the excited sub!»t;njce conveyed ? When is it said to be charged .' iVo/e. 
When a communicalion exists by means of any conduciing substance, between 
a body containing more than its natural share of the fluid and the earih, what 
will become of the redundant quantity which the body possesses f What illiia- 
tratioD of this is given ' 
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699. The principal mode of exciting electricity is bj 
friction. 

700. Thns, if a thick cylinder of tealing-waz. or salphar, or a 

Slass tabe * be nibbed with a silk handkerchi»f, a piece of clean 
annel, or the fur of a quadruped, the electric fluid will be excited 
and may be communicated to other substance*, from the eleetrie 
thus excited. The electricity excited in ehws 'is called the vitrssnf 
or jtosUive electricity j and that obtained from sealing-wax, or other 
resinous substances, is called resituma or negative el^tricity. 

701. The vitreous and resinous, or, in other words, 
the positive and negative electricities, always accompa- 
ny each other ; for if any surface become positive, the 
surface with which it is rubbed will become negative ; 
and if any surface be made positive, the nearest con- 
ducting surface will become negative. And if positive 
electricity be communicated to one side of an eleetrie^ 
(as a pane of glass, or a glass phial,) the opposite side 
will become negatively electrified, and the plate or the 
glass is then said to be charged. 

702. When one side of a metallic, or other conductor, receives the 
electric fluid, its whole surface is instantly pervaded ; but when an 
electric is presented to an electrified body, it becomes electrified in 
a small spot only. 

703. When two surfaces oppositely electrified are united, their 

fQwers are destroyed; and it their union be made through the 
uman body, it produces an affection of the nerves, called ah elec- 
tric shock. 

704. The Leyden jar is a glass vessel used for the 

floor iMing connected with the earth by conducting substances, snch as the 
timbers, &c., which support the building, the eleciHcity will finally pass ofl* by 
a r^ular succession of conducting substances, from the excited surface to the 
earth. But if the chain of conducting substances be interrupted. — that is, if 
any non-conducting substance occur between the excited surfece and the course 
wlilch the fluid takes in its progress to the earth, the conducting substances will 
be Insalated, and become char)^ with electricity. Thus, if an excited snrflice 
be ennnected by a long chain to a metHllic tube, and the metallic tube be held 
by a person who is standing on a stool with glass legs, or on a cake of sealing^ 
wax, resin, or any other non-conducting substance, the electricity cannot pass 
to the ground, and the person, the chain and the tube will all become electrified. 
* Whatever substance is used, it must be perfectly dry. If, therefore, a glass 
mlM be used, it should previously be held to the fire, and gently warm^, tn 
order to remove all moisture fV-om its surfoce. 

Note. What follows if this chain of conducting substances be interrupted ? 
699. What is the principal mode of exciting electricity f 700. What illustration 
of this is given ? What Is the electricity excited in glass called i What is that 
obtained flrom resinons substances called ? 701. What Is stated in No. 701 with 
regard to positive and negative electricity f 702. What follows when one side 
ot a metallic, or other conductor, receives the electric fluid f What follows 
when an electric is presented to an electrified body f lOS. What follows when 
two surfhoBS, oppositely electrified, are united i 704. For what is the Leydea 
Jsr used / 
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705. n^. 117 ivjnvteati s Lejdrn jar. Ft if ■ 
•Im TFMiel, or plus), costod both on (he inflide and 
Dm outiidB with tin foil. It is provided with a cork 
or wooden aloppet Ihroiiffli which a merallic tod 
pwan, terminating in a Eraas knob or ball at the 
Up, and connected by Tneansora witp, at the other 
and, with the inside eoatlng of Ihe jar. The coat- 
ing Biunds both on the inside and nulaide onlj Vo 
Within two or three inches of the lop, nt the stop- 
pet. ThuR prepared, when an eiciled surface is 
applied to the hnn knob, or connecled witii it by 
tneaiiB nf a chain or a>y eoBductlnv gurrace,it puU 
with iti eleclricitv, and liie fluid enters the jH, 
which is tlien H.icf to he charged. 

When the L.e^den jar is charged, the fluid ia 
contained in tlie inside coating nf the phini; and as 
Mm coatinff ia insutaled, ihi' fluid will remain in 
liie jar until a comnunication be made by inrana of 
e, between Ihe inside and 



theoi 



if til 



to the brass knob, and the nthi 
a oominTinlciUon will be fbimed by means of the brass hnub witIi 
the inside and nniside of the jnr, and the jar will be diacliarged. A 
phial or jar that is insulated cannot be charged. 

706. An eleutrical battery is composed of a Dumbei 
of Leydcn jars connected together. 

TUT. The inner coaling* of ihe jars are connected to|rether by 
chains or metallic bars attached to the brass knobs of each jar ; and 
the enter coatings have a similac connexion established bv placinc 
the pllials on a sheet ..f tin foil. The whole battery may then ba 
chnrj^ed like n single phial, or jar. For the sake of convenience in 
discharging the battery, a knob, connected with the tin foil on 
wliich tlie jnrs aland, projects Irooi the bottom of the buz whii^ 
contains the jars. 

708. The jointed discharger is an instrument used to 
diacliarge ajar, or battery. 



70!), Itlui 

sistsof L ,o 

IS balls, and connected t< 



'd dischai 



.then 



tliat of a pair of tongs, allnwing them to be opei 
U furnished with a glass handS, to secure the pe 







ELECTRIdTY. 141 

firnntheefiectsofasboek. Wben Flf.ua. 

opened one of the balls is made to 
touch the oQtside coating of the 
jar, or the knob connected with the 
bottom of the battery, and the other 
is quickly applied to the knob of 
the jar, or jars. A coromnnioation 
beinff thus formed, between the 
inmSe and the outside of the jar, a 
discharge of the fluid will be pro- 
duced. 

710. When a charge of electricity it to be sent through any par 
ticular substance, the substance must form a part of the dreuit of 
Ae eteetridiyf as it is termed ; that is, it must be placed in 8uch a 
manlier that the fluid cannot pass from the insiae to the outside 
■urfiuie of the jar, or battery, without passing through the substance 
in its pasaaffe. 

711 . If the balls be removed from the jointed dischar^r, and the 
two rods terminate in sharp points, the electricity will pass off 
■lently and produce but little effect 

71^. Metallic rods, with sharp points, silently attract 
the electric fluid. 

713. A Leyden jar, or a battery, may be silently discharged by 
holding the finest needle in the hand towards the knob. It b on 
this prmciple that lightning*Tods are constructed. The electric 
fluid is silently drawn from the cloud by the sharp points on the 
rods, and is thus preTcnted from suddenly exploding on high build- 
ings. 

714. Electricity, of one kind or the other, is generally induced 
in surrounding bodies by the vicinUp of a highly-excited electric 
This mode orcommunicating electiicity by approaehf is styled in- 
inutitm. 

715. Any body, on approaching another body, powerfully electri- 
fied, will be thrown into a contrary state of electricity. Thus, a 
ie»ther, brouffht near to a grlass tube excited by friction, is attracted 
Inr it ; and, ILherefore, previously to its touching the tube, negative 
electricity must have been incmced in it. On the contrary, if a 
feather be brought near to excited sealing-waXf it will be attracted, 
and, consequently, positive electricity must have been induced in 
it before contact 

716. When electricity is communicated fl-om one body to another 
m eowtaet with it, it is called electricity by transfer. 

717. The electrical machine is a machine construct- 
ed for the purpose of accumulating or collecting elec- 
tricity, and transferring it to other substances. 

710. What b neeewary when a charge of electricity is to he sent throufb any 
particnlar sab^anoe f 711. How can the electricity l>e made to paaa,ofl**i2efit- 
n f 712. In what way do metallic rods, with sharp points, attract tlie electrie 
Mid f 713. Upon what principle are lightning-nxis constructed f 714 When 
Is daetrlcity said to be communicated by induction f 716. When by iranslhr ' 
717. For what purpose Is the electrical machine constructed f 
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718. Electrical machines are made in varioua forma, but all an 
the sanie principle, namely, the attraction of metallic points. Tbt 
electricity is excited by the friction of silk on a f laaa watheB^ 
assisted by a mixture or preparation called an amaJ|fajfi.* Tha 
gflass surface ia made either in the form of. a cylinder or a cirenlar 
|>]ate,aad the machine itself is called a cylinder or a plate machine, 
accordinif as it is made with a cylinder or a plate, t 

7V.K Fiff. 1 19 represents a plate electrical machine. A D is the 
stand of Die machine, L L L L are the fonr glass legs, or posts 
which support and insulate the parts of the machine. P Is the 
glass plate, (which in some machines is a hollow cylinder,) firom 
which the electricity is excited, and H is the handle by which the 
plate (or cylinder) is turned. R is a leather cushion, or rubber, held 
elosely to both sides of the glass plate by a brass olaap, aapported by 
the post G L, which is oalM the rubber post 8 is a silk beg4 ^>n* 
bra^ by the same clasp that holds the leather coahioa or rubber; 
ftod it is connected by strmgs S S S attached to its three other eoiutm, 
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|o the legs L L and the fork F of the prime condactor. C is the 

Eime conductor, terminating at one end with a movable brass ball, 
, and at the other by the fork F, which has one prong on each 

* The amslgiiB Is ooinposed of mercury, tin, and zinc. That recommended 
by Singer, is made by melting together one ounce of tin and two ounces uTxine, 
whieb are to be mixed, while fluid, with six ounces of mereary, and ^listed ia 
an iron, or thick wooden box, until cold. It is then to be reduced tu a very 
floe powiler Ui a mortar, and mixed with a sufficient quantity of lard to fbrw U 
into a paste. 

t The electrical madihne described In Fig. 119 is a plate machine, and aa 
ezMt repreaeotation of the one belonging to ^ The Boston ttchool 0st.>' For obs 
of its sixe, it is a machine of very great power, and, together with the other 
ImpieNieHts beloagiiig to the same set, was constrncted by Messrs. A. ft O. 
Davis, of thiri city. It is entirely insulated, so that either positive or negative 
•leciricity may be obtained th)m it. 

X In cylindrical machines this silii bag is called ^^tkejlap.^* 

Upon what principle are all electrical machines constructed ! How b lbs 
•leciricity exGit»t.' Of what is the amalgam composed .' In what form is ths 

{[lass surliice made i When is the machine called a plate machine f When is 
( called a cylinder nachiuef What does Fig. 119 represeai.' Explaia iIm 
llguce. 
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Me of the i^aw plate. Oe each profiff of ihe fork there aie aeveral 
■harp pmnts projecting towards the ^tp, to collect the electricity 

20 Ko, 1\S) aa it is generated by the friction of the plate against 
rabber. V is a emin, or wire, attached to tlie brass ball on the 
nMer poet, and reating on the table or the floor, designed to coiw 
vey the fluid from the ground U> the plate. When negative elee* 
Irieity is to be obtained, this chain is removed from the rubber poat| 
tttd attached to the prime conductor, and the electricity is to be 
gathered from the ball on the rubber post 

Tht operation of the mocAlne it aafoUow$ t By taming the handle 
H the glass plate is pressed by the rabber. The friction of the 
robber against tiie glass plate (or cylinder) produces a transler of 
the electric fluid firom the rabber to the plate ; that is, the coshkHi 
becomes negatively and the glass positively eleetrified. The fluid 
which thus adheres to the glass, m carried round by the revolntm 
of the c^' Under ; and its escape being prevented by the silk bag, or 
flap, which covers the plate (or cylinder) niHil it comes to tlie iro* 
■lediate vicinity of the metallic points, on the fork F, it is attracted 
b^ the points, and carried by tltem to the prime conductor. Peei* 
five electricity is thus accumulated in the prime conductor, while 
the conductor on the rubber post, being deprived of this electricity, 
b negativety electrified. The fluid may then be collected by e 
Leyden jar, from the prime conductor, or conveyed, by means of a 
chain attached to the prime conductor, to any substance which is te' 
be electrified. If both of the conductors be msulated, but a small 
portion of the electric fluid can be excited ; for this reason, the chain 
must in all cases be attacked to the riiMer post^ when positive efeetrid' 
ty is reqiMtredf and to the prime conductor , when negatise eUetridty is 
tsanted* 

Experiments with the EUeUrieal Machine. 

720. On the prime conductor of tlie electrical machine is placed 
the electrometer,* E. It consists of a wooden ball mounted on a 
melallic stick, or wire, having two pith balls, suspended by silk or 
hair. When the machine is worked, tlie pith balls, being repelled, 
fly apart, as is represented in the figure ; and tliey will continue 
elevated until the electricity is drawn off But if an uninsulated 
conducting substance touch the prime conductor, the pith balls will 
tall The height to whicli tlie balls rise, and the quickness with 
which they are elevated, afford some test of the quality of the m«- 
ehine. 

7:^1. Th^ balls of tlie electrometer, when elevated, are attracted 

• The word •* eieetrometer " means ** a -meoifurer of eUctrieity.'" It is mads 
ia a variety oTformM. h itometiiiies cniMisic of a aingle pith Imll, attached to a 
|i|{ht rod, in the maimer ct n pendulum, before a gnuimi ed are or circle. kXi 
eieetroneopt !« an luntrumeuc o( mors delicate conntrucitou, to detect the prea- 
of electricity. 



Explain the operation of the machine. To what mnst the chain he attached 
when pnnitive electricity i^ »e«iiiireci t To what must it be attached when nega- 
tive elr«tricity in wanted } 720. What is the flmt experiment, mentioned, with 
the electricid inachiiief Whnt doen the word electrometer mean * Of what 
ioee it Minietiui « cousiet i What w an electroacope f 721. What l« lbs necsod 
aiyrriiueut t 
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hr ui excited piece of sealing-wax or resin, and repelled by i 
of excited glass. [See JVb. (iS).] 

TJ2. If an electric, or a non-conductor, be presented to the 
conductor, when charged, it will produce no effect on the ball 
if a non-electric, or any conducting substance be presented 
conductor, tlie balls of the electrometer will fall. This shoni 
the conductor has parted with its electricity, and that the fli 
passed off to the earth through the substance, and the hand 
person presenting it. 

723. when the machine is turned, if a person touch the 
conductor, the fluid passes ofi* tlirough the person to the flooi 
out liis feeling it. But if he present his finger, his kfiuckfe, 
part of ilie body, near to the conductor, witluiut touching it, i 
will pass from the conductor to the knuckle, which will prm 
■ensation similar to the pricking of a pin or needle. 

724. If a person stand on a stool with glass legs,* or anj 
non-conductor, he will be insulated. If in this situation lie 
Uie prime conductor, or a chain connected with it, when tL 
chine is worked, sparks may be drawn from any part of the b 
ilie same maiHier as from the prime conductor. While the 
remains insulated, he experiences- no sensation from beinj 
with electricity ; or, if a metallic point be presented to any | 
bis body, the fluid may be drawn ofi* silently, without bein 
ceived. But if he touch a blunt piece of metal, or any othe 
ducting substance, or if he step from the stool to the floor, 1 
feel ilie electric shock ; and the shock will vary in force ace 
to the quantity of fluid with which he is charged. 

725. The Ley den jar may be charged by presenting it 
prime conductor, when the machine is woiked. If the ball 
jar touch the prime conductor, it will receive the fluid sil 
but if the ball of the jar be held at a smalf distance from the 
conductor, the sparks will be seen darting from tlie prime c( 
tor to the jar with considerable noise. 

72(). The jar may in like manner be filled with negativi 
tricity^by applying it to the ball on the rubber post, and conn 
the ciiain with the prime conductor. 

727. If the Ley den jai be clmrged from the prime conrfucto 
is, with positive electricity.) and presented to the pith balls 
electrometer, they will be repelled ; but if the jar be chargei 
tlie brass ball of the rubber post, (that is, with negative electi 
they will be attracted. 

728. If the electrometer be removed from the prime cone 
and a pointed wire be substituted for it, a wire with sharp 
bent in the form of an S, resting upon it, will be made to r 
lapidly. In. a similar manner the motion of the sun and the 

* A stool with glass legs belongs to ** The Boston School set." Thh 
only article belonging to the set, which is not represented in this boo 
figure. It was thought .leetiless to represent It. 

722. Whnt is the third f Whnt does this show f 723. What is the I 
724. What is tlie AHh f 725. What is the sixth f 726. How may tlie jar I 
with negative electricity ? 727. What is the seventh i 728. What 
•ighthf 
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•lownd thuir fl^mmoii centre of gnviiy, together with the motion 
if the earth and the miNMi may be represented * 

729. If powdered retin be ecmttered over dry cotton wool, looteij 
wrapped oh one end of the jointed discharger, it may be inflaoMd 
bj the diaeharp of the battery or a Leyden jar. Gunpowder mi^ 
be anbstituled for the resin. 

730. The nmherMal disekarger, ^ F**- *«>. 

lepreaented in Fig Ii20, is an in- 
■Crament lur directing a charge 
•f electricity throui^h any sub- 
■tanee, with certainty and pre- 
cisiiHi. It consists «»f two slid- 
ing rods, A B and C Di termi- 
nating at the e\tremitie8, A and 
D, with brass balls, and at the 
other ends, which rest upon the ivory tnble or stand R. having a 
fork, tp which any small substance may be attached The whole is 
insulated by glass legs or pillars. The rods slide through collars, 
by which means their distance from one anr»ther may be adjusted. 

Tin in using the universal discharger, one of the rods or slides 
mnst be connected by a chain, or, otlierwise, with the outside, and 
the cither with the inside coating of the jar or battery. By this 
means the substinoe through which the charge is to be sent is placed 
witliin the electric circuit. (See JVb. 7(M).) 

732 By means of the universal discharger, a piece of a watch- 
spring, or any other small metallic substance, tniiy be burnt. The 
substance must bt placed in the forks of the slides, and the slides 
placed within the electric circuit, in the manner described in the 
ust paragraph. In the name manner, by bringing the forks of the 
dides into contact with a substance placed upon the ivory stand of 
tlie discharger, such as an egg, a piece of a potato, water, dte. it 



Fig. 121. 



4 

A 



may be illuminated. 

733 The electrical bells, 
represented in Pig. 121, are 
designed to show the efiects 
of electrical attraction and 
repulsi*>n. They are thus to 
be applied. The ball B of 
the prime conductor, with its 
rod, is to be unscrewed, and 
the rod on which the bells 
•re suspended is to be screw- 
ed in its place. The middle 

* In Um fflectricsl department o€ ** Ths Boston 59choc4 Set,** there H a brssi 
wire in the rorni of an S, a« above described, tofelher wlih hrtm balls, moented 
tm wiretf, lo repreaeot the •uu,eartli, and uuou, revolving voaud their conuaos 
or gravity. 



D 



B 



729. What la the ninth f 7aO. What flfure repreaevu the sniversal dl»> 
diancer f What In its u«e .' Orwhnt dneH it consixt f 7S1. What is tieceMary 
In nslnf die unlvetital discharirer .' Wh.it is effected by this nienns f 732. What 
S*|ieriaieiica are shown bv nienimnT the nnivenml dischnrger.' How must the 
Sttbsitaiice he placed t 733. Whnt ff-Kure represents the electrical bells i Wbst 
sre they designed lo show i How are they to be applied t 
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Wtt is to be connected by a chain, with the table or the floor. Wiicn 
the machine is then slowly turned, the balls saspended between the 
bells will be alternately attracted and repelled b^ the liells, and eause 
a constant tineing. If the battery be charged and connected with 
the prime condactor, the bells will continue to rinf^ until all the fluid 
from the battery has escaped. 

It may be observed, that the fluid from the prime conductor passes 
readily from the two outer bells, which are suspended by chains; 
they, therefore, attract the two balls toward them. The balls be- 
coming electrified by contact with the outer bells, are repelled by 
them and driven to the middle bell, to which they comtiiuittcats 
their electricity; having parted with their elect) icity tliey are n |m*U* 
ed by the middle bell, and ^ain attracted by the outer ones,, aod 
thus the constaiU tiuginff is maintained. The fluid which is com- 
municated to the middle mU, is conducted to tlie earth by the chain 
attached to it. 

734. Ether, or spirits of wine, may be inflamed by a spark con»- 
municated from a person, in the following manner. The person 
standing on the insulating stool, (that ki, the stool with glass le^) 
receives the electric fluio froju the prime eondojcior, by totichiuf 
the conductor or any conducting substance in contact with it, be 
then inserts the knuckles of his hand in a small quantity of sulphu- 
ric ether, or spirits of wine, held in a shallow metallic cup, by 
another person, who is not insulated, and the ether or spirits imme- 
diately inflames, in this case the fluid passes from the conductor 
to the person who is insulated, and he becomes charged with elec^ 
tricity. As soon as he touches the liquid in the cup, the electrie 
fluid, passing from him to the spirit, sets it on flie. 

735. The passage of the electric fluid from one mndacting sub- 
stance to another, is beautifully exhibited by means of a glass tube 

Fix. 122. 

c^= ^ r'v..-'.. ..♦'"-..x •♦....•^•ni n> =— o 



having a brass ball at each end, and coated in the inside with smaH 
pieces of tin foil, placed at small distances from each other in a 
spiral direction, as represented in Fig. 122. 

This is called the spiral tube. **• ***• 

In the same manner various figures, let- 
ters, and words may be represented, by 
arranging similar pieces of tin foil between 
two pieces of flat glass. These experi- 
ments appear more brilliant in a darkened 
fxx>m. 

736. Fig. 123 represents the hydrogen 
cannon or pistol. When filled with hydro- 



What farther may be olMenred with regard to this last experiment t 795. Whsl 
4ocs Fig. 122 represent f 736. What doe« Fig. 12tf represent t 
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EgVj* if the ininlated knob K be pKwDled to Ihe prime o 
Inr, il will iraioedwtely ciptodr t 

737. Fig. 184 repre- _. ,^ 
•M)t> Ibe eleclricJ n* is*. 
toortimBn. From Ibe Jj ^ 
tugn- ball of • Leyden ■'m^ ^-^ 
jtr two bjrdfl maw of ^' 
nth t are Euspended br 
nlk or hair. Wben 1h« 
jar H cfaargnl the birdi 
will rise, M tepreseut- 
ed in the fi^re, on ac- 
count of the lepulsioQ 
•fthe fluid in the inr. 

If Ifae \n be then 
IiIhm^ on Ifae. tin Tciil 
irf' Ihe aland, and the 
■mailer ball pl&ced vithin a hair inch of thr end of tlie gun, a dis- 
charge will be produced, snd the birds will fall 

738. If images, madeof pith, or Bniiill pircea of paper, are placed 
•nder the inaulated atuol. (Ihat is, the itool with gliws Irga,) and ■ 
eonneiion be utads between Ihe prime coiiduelor and Ilie top of tJiei 
•tool, the imageB. &a. will be allematply atiracled and repelled ; or, 
in other worda, Ihey will first lise to the electrified tnp of Ihe alool, 
■nd thus becoming IhemaelTea electrified, by contact with the elec- 
trified top of the Btool, tbev will then be repelled, and fall to the 
ground, the floor, or the table ; where, parting with their electiieity, 
Uief will agaiti be aUiacted by the stool, thus risiog and falling with 










waif r \<s one nf add. Wben 
Jiirar tfu> to Braily Aied, !• 
« acM aclint ution llic ainc, 

Iba Diyiwn oT [he water, and 






be nilxcd wilh' nl 
U wiU Bol eiplol 

t Thia •nhtiani 
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considerable rapidity. In order to conduct this experiment 

fully, the images, £c. must be placed within a short distance of tk» 

bottom of the stool. 

73!l. The straight receiver, connected with the pneumatic -seti 
represented in Fig.. 76, and described in number 377, as is there nie»» 
tioned, is a jur coated with parallel strips of tin foil. Let this be 
charged, by placing the inside coating in contact with the prime- 
conductor, if a number of pith balls be then placed within ths 
glass, or the glass be placed over the pith balls, they will booad 
rapidly up and down, and their motions will be repeated, as often as 
the glass is touched by the hand, until the jar or glass has parted 
with its electricity This experiment may also be peribrmea by a 
plain glass tumbler. 

740. A hole may be perforated through a quire of paper, by onarf* 
ing the battery, resting the paper upon the brass ball of the batterfi 
and making a communication, by means of the jointed dischargefi 
between the ball of one of the jars and the brass ball of the box. 
The paper, in this case, will be lietween the ball of the battery and 
the end of the discharger. 

741. The thunder house, Fig. 126, is designed to show the seen* 
rity afforded by lightning rods, when lightning strikes a boUdiiub 
(5«« JVb. 712.) This is done by placing 
a highly combustible material m the in- 
side of the house, and passing a charge 
of electricity through it. On the floor 
of the house is a surface of tin foil. The 
hydrogen pistol, (See Fig. 123.) being 
filled with hydrogen gas from the gas- 
ometer, (See Fig. 124,) must be placed 
on the floor of the thunder house, and 
connected with the wire on the opposite 
side. The house being then put togeth- 
er, a chain must be connected with the 
wire on the side opposite to the lightning 

rod, and placed in contact either with a single Leyden jar or with 
the battery. When the jar, thus situated, is charged, if a connexion 
be formed between the jar and the points of the lightning rod, the 
fluid will pass off silently, and produce no effect. But if a small 
brass ball be placed on the points of the rod, and a charge of eleo> 
tricity be sent to it, from the jar or the battery, the gas in the pistol 
will explode, and throw the parts of the house asunder with a load 
noise.* 

* The nuccess of this experiment depends upon the proper connexion of Iks 
Jar with the lightning rod, and the electrical pistol. On the side of' iho hcnat 
oppcwite to the lightning rod there U a wire, passing through the side, and ttr> 
minating on the outride in a hoolt. When the house is put together, this wtre^ 
in the inside, must touch the tin foil on the floor of the house. The hydrofes 

738. How must the images be placed to conduct the experiment succeaafbl- 
iy } 741. What does Fi^. 126 reprei^ent f What is it designed to show f flow 
la this done f When will the fluids pass off* silently and prodace no efltet? 
When will there l)e an explosion and the house be torn asunder.' /fole. Upoa 
what does the success of this experiment depend f What is said in the 
with regard to the thunder house f 
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749. If the ball of the prime conductor be removed and a pointed 
wire be pat in its place, the current of electricity flowingr from tbt 
point, when the machine in turned, may be perceived by placing a 
lighted lamp before it; the flame will be blown yrom the point ; and 
tills will be the case in what part soever of the machine Uie point is 
placed y whether on the prime conductor or the rubber; or if the 
point be held in the hand and the flame placed between it and the 
nkachine, thus showing that in all cases the fluid u blown frofm the 
point. I>elicate apparatus may be put in motion by tliC electric fluid 
when issuing from a point. In this way electrical orreries, mills, 6tM* 
are constructed. [Se« No. 727.] 

743. If the electrometer be removed from the prime conductor, 
and a tuft of feathers or hair, fastened to a stick or wire, be put in 
its place, on turning the machine the feathers or hair will become 
electrified, and the separate hairs will rise and repel each other. A 
toy is in this way constructed, representing a person under excee- 
nve fright. On touching the bead with the hand, or any conduct- 
ing substance, not insulated, the hair will fall. 

744. Gold leaf may be forced into the pores of glass by placing 
it between two slips of window glass, pressing the slips of glass 
firmly together, and sending a shock from a battery tbk-ough them. 

745. Irgold leaf be placea between two cards, and a strong charge 
be passed through them, it will be completely fused. 

746. When electricity enters at a point, it appears in the form of 
a star ; but when it goes out from a point, it puts on the appearance 
of a brush. 

747. Lightning is the rapid motion of vast quantities 
of electric matter, — and thunder is the noise produced, 
by the rapid motion of lightning through the air. 

748. The aurora horealis, (or northern lights,^ is supposed to be 
caused by the electric fluid passing through nighly rarefied air ; and 
most of the great convulsions of nature, such as earthquakes, 
whirlwinds, hurricanes, water^spouts, iScc., are generally accompar 
nied by electricity, and oflen depend upon it. * 

pistol most stand on the tin Ibil, and its insulated knob or wire, projecting from 
its side, must be connected with the lower end of the lightning rod, extending 
Ittto the inside of the house. A communication most then be made between thi 
hooli on the outside of the house, and the outside of the Jar or liattery. This is 
conveniently done by attaching one end of a chain to the hoolt and holding the 
otiier end In the hand again<jt the side of a charged jar. By presenting the linob 
of tlie Jar tu the points of the lightning rod no eflTect is produced, but if a brass 
boll be placed on the points at P, and the Icnob of the Jar be presented to the 
ball, the explosion will take place. If the charged Jar be very suddenly present 
sd to the points, the explosion may take place *, and the Jar may be silently dis- 
cterged if it be brought very slowly to the ball. 

The thunder house belonging to " The Boston School Set " is held togethsi 
by magnets, attached to (he inner surface of the sides. 

* The experiments which have now been described exemplify all the elemen- 
tary principles of the science of electricity. These experiments may be varied, 
anltlpUed, and extended in innumerable forms, by an ingenious practical elee- 



742. In what way are electrical orreries, mills, Ac. constructed ? 747. What 
ta lightning i What is thunder ? 748. How is the aurora borealia supposed tm 
be caused f 
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749. The electricity which a body inanifi»ts by being hnm^ 
•ear to an excited bod^ , without receivioff a ipark from it, is Mia li 
be acqaired by induction. Whenaninaomted bat onelectvified oia 



Irldaa. Amonf other thing* with which the 101^1001 may be made ii 
amy bt inetiiioiietl the fbllowing Tncu, Ac 

A Bumlier of fbathera, smpetided by •irings fWwi an iimalnfed coadoettaf iA> 
amnee, will ri«e au4 preaeai the ft|»pearance oTa fliaht of trirda. Atwwa 
tha MitMUuee i» dkichNraed the feNihen will fkiL The experiment dmettai 
In No. 797, may he varinl by placing the uportuman on the prime co ii Jmty, 
without the use of the I^eyden Jar, to which the birds are attNcbed f 

The experiment in No. 7S8 may be Taried by the u*e of two phitei of mml 
one of which may be mmpeuded from the prime conductor aad the paialM 
iomges placed between them. 

Instead of the Leyden jar a plate of common glass, (a pane of wtedaw-gfaa^ 
Ibr in^ance,) may be ooated on both sides with tin (bil, leaving the edges ban. 
Ik bent wire balanced on the edge of the glass, to the ends of which baHs awyla 
attached, with an image at each end. may bt made to represeat two ^Mwai 
Jilting, on the same principle by which the electrical bells are made to rtag. 
\See. No. 733.] 

A beantifiil little sawmill was lately exhibited at a lecture at the Odeaa,ii 
this city, by Mr. Quimby, its ingenious cbiiirlver. The moving power was 1 
flvheel, with balls at the emis of the spokes, situated within the attractive lafla* 
ance of two larger balls, difllbrenily electrified. As the balls on the apolieB wwi 
attracted by one of the Inrger balls, they changed their electrical state and mm% 
attracted by the other, which, in its return, repelled them, aad thin the notloa 
Iteing given to the wheel wa« commnnicated by cranks at the end of the axle te 
the vaws aliove. 

When the hand is presented to the prime conductor, a spark hi oommaafeat- 
ed, attended wiUi a slightly painful sensaiion But if a pin or a needle beheld 
In the hand with the point towards the conductor, neither spark nor pain will 
•be perceived, owinjt 10 the attracting, (ur perhaps, more properly speaking, the 
receiving) power^ of the point. 

That square roda are better than round ones to conduct electricity silently to 
the grotiiid, and thus to protect hoildings, may lie proved by cansing eadi kiad 
of rod to approach the prime conductor when chnrge<l. It will thus be perreiV' 
ed, that while little eflTect is produced on the piih balls of the electrometer by 
the near approach of the round rod, on the apjiroach of the scinare one the halb 
will immediately fall. The round rod al^o, will produce an explosion and a 
•park, from the hall of the prime conductor, while the square one will draw off 
the fluid silently. 

Tlie eflbcts of pointed conductors upon clouds charged with electricity may 
be fMmiliarly exempliflcd by suspending a sninll fleece of cotton wool f>om the 
prime conductor, and other smaller fleeces fV(im the upper one, by amall file* 
meats. On presenting a point to them they will be repelled and all drawa to- 
gether; but if a blunt conductor approach them they will be attracted. 

From a great variety offsets, it has been aKcertained, that lightning rods aAad 
but litile security to any part of a building bevond twenty feet (Vom then ; and 
that when a rod \a painted it loses itn conducting power. The lightning rodsef 
the most approved construction, and in strictest accordHiice with philoitophieal 
principles, are composed of smail square rwls, (similar to nail rods.) Thev nm 
over the building, and down each of the corners, presenting mnnv elevated 
points in their course. At each of the corners, and on the chimnevs, the rods are 
.elevated several feet shove the building. Rods of this description have beia 
erected on all the pulilic school-houses and other public buildings of this d y.bf 
order of the city authorities. They were constructed by Dr. King, who baa 
Introduced an improvement, by twisting the Mjuare rods, and thus maliiplytaf 
the sharp surfaces presented to collect the fluid. 



^Tiy are square rods better than ronnd ones to conduct electrlcky slleatly ta 
the ground, and thus protect buildings from lightning? flow far beyond the rod 
do lightning rods aflbrd protection f In what way are the most approved U^t- 
«lBf rods constmcted f 
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AHlor ■ bixMiffht nesr an iiuaUtpd ehargipd cnad actor, the end near 
to the ejusUed oondueCor aiMiinea a slate oi* opposite electricitjry 
wMe the fivtlRreBd mminri the mme kind ofelectneitj,— liial «, 



na removal of tilk uid woollen f^rmentii, worn daiinf tke dny to coU 
wntber, is often accomiNUiied by nulight nobe, rMemblliif ihMi of aparlu Ims- 
tag ftrom a fire. A «imiliur effect la produceil on piuuiiiig iIm hand Miflly ovgr 
Ike back of a cni. The«e etRacU are produced by electririty. 

It may here be remarked, ihat ihe leniu po«itiTe ami negatire, are merriy 
rdative ternut, aa applied to the tuiliject of eleetriciiy. Thus, a body wbirh la 
poMBMed of iu natural share of electricity, U poaitire in reaitect to one that 
laa lems and negatire in reapeet to one ihet has more than iu natural ahare of 
Ike fluid. Sn, alMi, one that kaa more ihan ila natural ahnre ia puaitive witk 
regard to one that hw only iu natural share, or lesa than ila natural ahare,— 
wSi negritive in reapeet to eae haviof a lanter ahare <haa fiaeir 

The experiinenu with tiie apiral tube. No. 735, may be l»eautiliilly varied bjr 
having a collection or aiicb tubes placed on a atmid ; and h Jar coated with amaU 
■trips reaeaibllng a brick wall, praaeuta, when it la charged, a bewitlAil appear- 
uce in the dark. 

"Die electric fluid occapiei no perceptible apace ot'lime in ila paaaage thre u ^ 
ita drcuit. It alwavs seeiua to prefer ibe aborteat paamige, when the coiidnctera 
treeqiially^good. Thus, ir two. Inn, a hundred, ur a thonsniid or mote persona, 
Join hands and l>e made part or the circuit or ihe fluid in paaaing iVom the in- 
side to Che ouuide of a I<eyden Jar, they will all Teel the sliork at the sams 
moment of time. But, in iu passage, ihe fluid always prefcra the best conduo- 
tofSL Thus, if two cinuds, differently eleclrifit*d, apprtNich one another, lbs 
Aaid, In iu passage from one cloml to the other, will aometimes Uke the enrth 
la iu course, liecause the air is a bad conductor. 

In thunder storms, the electric fluid soinetimes passes flrom the clonda to the 
earth, and aoinerimes fnun the earth to the clouds ; and sometimes, as has juat 
been atateil, from one chMid to the earih, and from the enrth lo imotlivr cloud. 

It ia not safe, during a thunder storm, to take shelier uiuler a tree, because the 
tree attracts the fluiil, and the human body fateing a better conductor than the 
trpe, the fluid will leave the tree and pass into the body. 

It ia also uiMufe to hold in the hand edge toobi, or any sharp point which 
irill attract the fluid. 

Tlie safest position that can be chosen dnring a thunder storm, is a recumbent 
poature on a feather bed ; and In all situations a recumbent is suibr than an erect 
poaiiion. No dantcer is lo be apprehended fVom lightning when the interval 
between Itie fl^sh and the noise of the explosion is as much as three or four 
seconds. This space of time may be conveniently measured by the beatings of 
tte pulse, if no time-piece be at hnml. 

Lifhtniii;; rods were flrst firoposed by Dr. Franklin, to whom is also ascribed 
the honor of the discovery that thunder and lifhtnin^ are the effects of electri- 
dty. He raised a Icite constructed of a silk handkerchief, ailjusted to two light 
strlpa of cedar, with a |>ointed wire flxed to it ; and fksteii.ing the end of the twine 
to a key, and the key, by means of a piece cMT silk lace, to a post, (the silk lace 
serving to insulate the whole apparatus,) on the approach of a thunder cloud, 



What Is remarked with r^ard to the terms neirative and positive i How can 
iMs be illustrated f What U said with regani lo the time the electric fluid oo- 
coples in its paKsage through its circuit ? By what is the electricity which a 
body manifests hv beinir brought near to an excited body without receiving a 
apark fVom it, said to be acquired ? When an insulated, but nneleci rifled con- 
doctor, is brought near an insulated ehargeil conductor, wlmt is said witli regard 
lo the end near the excited conductor? What example is given lo ilinstrate 
this ? What example is given to show that the fluid prefl'^rs the best condue- 
lore f In what different wa>s dues the electric fluid sometimes pass in thunder 
■torma ? Whv is it unsafe, during a thunder storm, to take shelter under a ireoi 
or to hold in the hand any edge tools f What position is the safest iu a thua- 
dar storm ? When is there no danger to be apprehended from the lightning i 
By whom were lightning rods flrst proposed f Who first discovered that thua* 
der and lightning are Ihe eflecu of electricity f 
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if the conductor be electrified positively, the unelectrified ooodoetOR.. 
will be negative at the nearer end and positive at th^ farther end|' 
while the middle point evinces neither positive nor negative ele# 
trieitj. 



SECTION XVIL 

GalvaiMm, or VoUaic Electricity, 

750. Galvanism is a branch of Electricity. It derivei 
iU name from Galvani, * who first discovered it. 
Electricity is produced by the mechanical action of bodies on one 

hs was able !o collect sparks fVoin (he key, to chai^ Leyden Jars, and to set dm 
to spirits. This experiment established the identity of li^tning and eiectrid- 
ty. The experiment was a dangerous one, as was proved in the case of Profiss- 
■or Richman, of St. Petersburgh, who fell a sacrifice to his zeal for electrical 
■cieiice, by a stroke of lightning from his apparatus. 

Among the most reniarkabie facts, connected teith the science of Electricity, 
may be mentioned the power possessed by certain species of fishes, of giring 
shocks, similar to those produced by the Leyden Jar. There are three animals 
possessed of this power, namely, the Torpedo, the Gymnotus Electricus, (or 
Bnrinam Eel,) and the Silurus Electricus. But although it has been ascertained 
that the Torpedo in capable of giving shocks to the animal system, similar to 
those of the Leyden Jar, yet he has never been made to afford a spark, nor to 
produce the least effect upon the most delicate electrometer. The Gymnotus 

t^ives a small but perceptible spark. The electrical powers of the Silurus artf 
nferior to those of the Torpedo or the Gymnotus, but still sufficient to give a 
distinct shock to the human system. This power seems to have been bestowed 
npon these animals to enable them to secure their prey ) and to resist the al» 
tacks of their enemies. Small fishes, when put into the water where the Gym- 
notus is kept, are generally killed or stunned by the shock and swallowed by die 
animal, when he is hungry. The Gymnotus seems to be possessed of a new 
kind of sense, by which he perceives whether the bodies presented to him bt 
conductors or not. 

* Dr. Aloysius Galvani was a Professor of Anatomy in Bologna, and made his 
discoveries about the year 1790. His witb, being consumptive, was advised to 
take, as a nutritive article of diet, some soup made of the flesh of frogs. Sever- 
al of these animals, recently sltinned for that purpose, were lying on a table in 
his laboratory, near an electrical machine, with which a pupil of the professor 
was amusing himself in trying experiments. While the machine was in action he 
chanced to touch the bare nerve of the leg of one of the frogs, with the blade <4'a 
knilb that he held in his hand, when suddenly the whole limb was thrown into vio- 
lent convulsions. Galvani being informed of the fact, repeated the experiment, 
and examined minutely all the circumstances connected! with it. In this way 
he was led to the discovery of the principles which form the basis of this 
science. The science was subsequently extended by the discoveries of Profes- 
sor Volta, of Pavia, who first constructed the Galvanic or Voltaic Pile, in tbs 
beginning of the present century. 

In what way did he prove this f What is related as among the most remark- 
able (acts connected with the science of electricity f 750. What is galvanism? 
How is electricity generally produced f By whom and when was galvanism 
discovered f What led to the discovery ? 



OALVANISM. 163 

MNitlwT ; Irat GalTUiimi, or Oklvmnio Electricity, m produced bj 
Aeir elMmteal action. 

751. The motion of the electric fluid ezcitpd by galvanic power, 
difiers from tliat esplained in the Kiencc of eleclricity, in iu dura- 
tion ; for while the latter exhibits itoelf in sudden and intermitted 
Aocks-and explosions, the former continues in constant and unin- 
terrupted action. 

752. The neryes and muscles of animal^ are moat easily affi«ted 
inr the galvanic fluid ; but the Yoltaic or galvanic battery possesses 
toe most surprising powers of chemical decomposition. 

753. The ealvanic fluid or influence is excited by the 
contact of pieces of different metal, and sometimes by 
different pieces of the same metal. 

754. JUvttration first. If a living frog, or a fish, (as a flounder,) 
having a slip of tin foil pasted on its back, be placed upon a piece 
of zinc, spasms of the muscles will be excited whenever a commik 
aication is made between the zinc and the tan foil. 

735. IttuMtnttnm stcond. If a person place a piece of one metid, 
ai a half dollar, above his tnngve, and a piece of some other melali 
as zinc, below the tongue, he will perceive a peculiar taste ; and. 
IB the dark, will see a flash of light, whenever the outer edges of 
dbe metals are in contact. 

756. llhtttTation third, A faint flash may be made to appear be- 
fore the eyes by putting a slip of tin foil upon the bulb or one of 
t!ie eyes, a piece of silver in tne mouth, ana making a communica- 
tion between them. In these experiments, no effect is prodticed so 
kmg as the metals are kept apart ; but nn bringing them into con- 
tact, the effects above desicribed are produced. 

757. The conductors of the galvanic fluid are divided 
ioto the petfect and the imperfect. Metallic substances, 
plumbago and charcoal, the mineral acids and saline 
solutions are petfect conductors. Water, oxydated flu- 
ids, as the acids, and all the substances that contain 
these fluids, alcohol, ether, sulphur, oils, resins* and 
metallic oxides, are imperfect conductors. 

758. To produce any galvanic action it is necessary 
to (brm what is called a galvanic circle ; that is, a cer* 
tain order or succession of substances capable of pro* 
ducing the fluid. 

^ 

751. How does the motion of the electric fluid, excited by nWanlc power, 
6\Hbr from that explained in the science of electricity t 752. What iNidiee are 



It easily eflRscted by the f alvanic fluid f 753. How is tht* salvanic fluid or ii 
floencs excited I 754. What illusiraiious of this are fiven? 757. into what aif 
the conductors of the galvanic fluid divided / What sulistances are perfect! 
doctors i What substances iire imperfect conductors { 758. What is 
sary in order to produce »uy juUvauic action i 
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759. To produce electricity in the common way (as koM-hem 
stated tmder the head ofeUctrieity), it is neceMary to excite an elce* 
trie or non-conductingr ■ubstance.. But to produce the galvanie 
fluid, all that is necessary is the simple C4mtaet of different condad* 
ing substances with each other. 

760. The simplest galvanic circle is composed of 

three conductors, one of which must be solid, and one 

fluid ; the third majj^be either solid or fluid. 

7GI. Tiie process usually adopted for obtaining galvanic electri* 
city is to place between two plates, of different kmds of metal, i 
fluid capable of exerting some chemical action on one of the platei 
while it has no action, or a different action, on the other. A com* 
munication is then formed between the two plates. 

762. lUustraiion. Fig. 127 represents a simple gaWanic circle. It 
consists of a vessel containing a portion of diluted sulphuric acid, 
with a plate of zinc Z and of copper C immersed in it. The plates 
are separated at the bottom, and the circle is completed by unit- 
ing the plates at the top. The same effect will be produced, if, in- 
stead of allowing the metallic plates to come into direct contact, the 
communication between them be effected by wires extending from 
one to the other. 

763. In the above arrangement, there are three elements or e^ 
sential parts ;* namely, the zinc, (he copper, and the acid. The acid, 
acting chemically! upon the zinc, produces an alteration in the elec- 
trical state of the metal. The zinc communicating its natural share 
of the electrical fluid to the acid, becomes negativelyt electrified. 

* It it essential in all cases to have tliree elements to prodace ftalTanie ac- 
tion. In the experiments or illustrations in numbers 754, 755 and 756, tks 
moisture of the animal, or of the mouth, supplies the place of the acid, so that 
the three constituent parts of the circle are completed. 

t A certain quantity of electricity is always developed, or, in other words, 
converted from a latent to an active state, wlienever a chemical action takes 
place between a fluid and a solid body. This is a general law of cberoical ao> 
tlon ; and, indeed, it has been ascertained, that there is so intimate a connexioa 
between electrical and chemical charges, that the chemical action can proceed 
only to a certain extent, unless the electrical equilibrium, which has been dis- 
turbed, tie again restored. Hence, we find that in the simple, as well as in tlM 
compound galvanic circle, the oxidation of the zinc proceeds with activity 
whenever the galvanic circle is completed ; and that it ceases, or, at least takes 
place very slowly, whenever the circuit is interrupted. 

X It appears at first view to be a singular fact, that in a simple galvanic circle 
composed of zinc, acid, and copper, the zinc end will always be negative, ano 
the copper end positive; while in all compound galvanic circles, composed of 
the same elements, the zinc will be positive, and the copper netfeUive. This ap- 
parent difference arises flroni the compound circle being usually terminated ly 
two superfluous plates. 



759. How does the manner of producing the galvanic fluid and electricity ia 
the common waVidiffbr? 760. Of what is the simplest galvanic circle compo- 
sed .' 761. What process is UHually adopted for obtaining galvanic , electricity f 
Illustrate this by Fig. 127. What effect will be produced if, instead' of allowing 
the metnlUc plates to come into direct contact, the communication betweea 
them be efTected by wires f How many parts are there in the above arrange* 
ment f What are they f What eff*ect does the acid produce f What is thf 
electrical state of the zinc i 
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The tnpper, attracting the aaine fluid 
fioin the aeid, becomes pogUioely electri- 
fied. Anj eonducting aubatanee, there- 
ibre, plafled within' the line of commnni- 
cation between the poaitive and negative 
points, will receive the cham thoa to be 
obtained. The arrowa in Fjg. 127ahow 
the direction of (he current of poaitive 
electiicitv, namely, from the line to the 
fluid, — from the fluid to the copper^-— 
from the copper back to the linc.^ The 
mbatance to be aubmitted to the action of 
the fluid, must be placed in the line of 
communication between the copper and 
the zinc. 

764. The electrical eflTecta of a aimple 
galranic circle, such as has now been dba- 
eribed, are, in general, too feeble to be per- 
eeived, except by very delicate teats The 
mosclM of animals, especially those of 
eold-btnoded animals, such as frogs, &4i , the tongue, the eye, tad 
other sensitive parts of the body, being very easily aflTected, aflord 
examples of the operation of simpliR galvanic circles. (See IUu9' 
tnUionSf 7.')4 &jc.) In these, although the quantity of electri- 
dty aet in motion is exceedingly small, it is yet sufficient to pro- 
dace very considerable effects ; but it produces little or no effect on 
(be most delicate electrometer.* 

765. The galvanic efTects of a simple circle may be 
iDcreased, to any degree, by a repetition of the same 
simple combination. 

Such repetitions constitute compound galvanic circles, and are 
called galvanic piles or galvanic batteries, according to the mode in 
whieii they are constructed. 

766. The voltaic pile consists of alternate plates of 

two dtflferent kinds of metal, separated by woollen cloth, 

card, or some similar substance. 

7G7. iUustration. Fig. \2d represents a voltaic pile. A voltaic 
pile may be constructed in the following manner : Take a number, 

* On the principle oT the aimple galranic circle, Dr. Hare, of Philadelphia, 
eoantnicied a very powerful apparatus, which he called a CalorimotoTf from its 
reniarkubie property of producing heat. 



Of the copper ? What are Ihe arrows, in Fig. 127, designed to show f Where 
aini^l Ihe siilMtance, to be submitted to the action of the fluid, be placed f 
What iM xaid of the electrical effVrts of a simple galvanic circle i What exam- 
pICH nrp given illustrating the operation of simple galvanic circles .' Upoa 
what principle is the calorlmotor constructnl { 765. How may the galvanic eA 
fects of Ihe simple circle be increaiied .' What are compound galvanic circles f 
MG. Of what does the Yoliaic pile consist? What does Fig. 128 repreaentf 
How may a vokale pile be constructed ? 
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ny twelve plates of silver, and tlie same num- Fif. 19 

ber of zinc, and also of wocillen cloth, the cloth 

having been soaked in a solution of sal ammo- 

Diac in water ; with these a pile is to be founed 

in the fallowing order : nawelv t a piece of sil- 

Ter, a pieee of tine, a piece of cloUi, and thus 

repeated. These are to be supported by three 

glasrt rods, i.fau:ed perpendicularly with pieces 

of wood at tae top and bottooi^and the pile will 

then be complete ; and will afford a constant 

current of electric fluid through any conducting substance. 

if one hnnd be applied to Uie lower plate, and the other to tb 

one, a shock will be felt, which will be repeated as often 

contact is renewed. 

Instead of silver, copper plates, or plates nf ether metal, 
vsed in the above arrangement. The arrows in the figun 
the course of the curient of electricity in the arrangement oj 
tine, &4i. 

768. The voltaic battery is a combiDation of ra 
plates, immersed by pairs in a fluid which exerts a 
teal action on one of each pair of the plates, a 
action, or, at least, a different action on the other. 

7©). fllustratitm. Fig. 129 represents a voltaic battery. 
nsts of a trough made of baked wo<id, wedge wood- wate, o 
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•tlier non-conducting subHtan're. It is 
divided into grooves or partitions, for 
the reception of the acid, or a saline 
solution, and the plates of zinc or cop- 
per (or other metals) are immersed by 
pairs in the grooves. These pairs of 
plates are united by a slip of metal 
passing from the one and soldered to 
the otTier ; each pair being placed so 
as to enclose a partition between them, 
and each cell or grmtve in the trough 
containing a plate of zinc, connected 
with the copper plate of the succeeding cell, and a copp< 
J(»ined with the zinc plate of the preceding cell. These pai 
commence with copiM'r and terminate with zinc, or c»Huueii 
line and terminate with copper. The cominunxation betw 
first and last plates is made by wires, which thus complete I 

* The eZeciricitv excited by the hattery, proceeds /rom the nnlid to 
which arts r.i«iii it chemirHlly. ThiiH, in a buttery caHi|uwed of aUiu 
Si:i)>hiirtc hriil niid copper, ilie ncid ao.tM upon ihe zinc, and iiot on iht 
Tht galvniiic fluid proceeds*, therefore, t'roin the zinc lu the acid, IVoui 
to tike copper, Ace. 




Can any other metal l>e nsed f What are the arrows in the fljrnre rf« 
show ? 7G8. VVimt iH Ihe voltaic Imiiery .' What in wnid in itie note 
jntnl to the eleciriciiv e<ritcd l»y ilie battery f Wtiai doei» Fiif. 121* re| 
or what do(*s the voltaic Imttery coutfitftf lluw i* the coiumuuicatiou 
the fir»t and liwt plates niude f 
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mie eareoit. The lubatance to be submitted to galvaine aetkm is 
pheed between the pointi of the two wire*. 

770. A compound battery of gre&t power is obtained by uniting a 
■nmbsr of these troughs. In a similar manner a battery may be 
produced by uniting several piles, making a metallic communice- 
tio0 between the last plate of the one and the first plate of the next, 
•nd en oo, taking care that the order of succession of the plates in 
the cireuit be preaeryed inviolate. 

771 . The Counmne tUs tassetf represented in figure 190, is an- 
ether form of the galvanic battery. »-^ 1^0^ 

It consists of a number of cups, 
bowls, or glasses, with the zinc 
and copper plates immersed in 
them, in the order represented in 
the figure ; Z indicating the zinc,^ 
■nd U the copper plates; the ar- 
rows denoting the course of the 
electric fluid. 

772. The electric shock from the 
voltaic battery may beVeceived by 
my number of persons, by joining 
hands, having previously wetted them. 

773. The spark from a powerful voltaic battery acts upon and 
inflames gunpowder, charcoal, cotton, and other infliunmable bodies, 
melts all metals, disperses diamonds, &c, 

774. The wires, by which the circuit of the battery is completed, 
ue generally covered with glass tubes, in order that they may be 
held, or directed to any substance. 

775. There are three principal circumstances in which the elec- 
tricity produced by the galvanic or voltaic battery, differs from that 
obtained i»y the ordinary electrical machine, nainply, — 

First. The very low degree of intensity* of that produced by the 
galvanic battery, compared with that obtained by the machine. 

• 
* By intewtiiy is here meant the name thnc is implied by density, as applied 
to matter. The quantity of electricity obtained by galvanic action is much 
greater than can be obtained by the machine ; but it flows, as it were, in nar- 
row streams. The action or the electrical machine may be compared tn a 
mighty torrent, dashing and exhausting itnefj in one leap from a precipitous 
lldjrhi. The galTsnic action may be compared to a steady stream, supplied by 
an inexjMnistible fountain. In other words, the momentum of the electricity 
exeited by gslvanism Is less than that firom the electrical machine, — but the 
pumtUy, as has been stated, is greater. 

Where must the substance which is to be submitted to galvanic action bo 

S laced f How can a compound battery of great power be obtained f What 
oea Fi». 130 represent? Of what does this battery consist? How can the 
steetric shock, from the voltaic battery, be received by any numt>er of persons f 
What is said of the spark from a powerful voltaic battery ? 775. In how many 
ways does the electricity produced by the galvanic or voltaic battery diflfbr from 
diat obtained by the ordinary electrical machine f What is the first f What is 
llere meant by intensity f How does the quantity of electricity obtained bj 
galvanic action, compare with that obtained by the machine ? To what may 
the action of the electrical machine be compared f To what may the galvaaie 
actloo t>e compared i 

14 
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Seeondlf. The yery large quantity of electricitj which is set hi 
motion by the voltaic battery ; and S '- 

Thirdly. The continuity of the current of yoltaic eleetncil^, iui4 
its perpetual reproduction, even while this current is ten^inf to 
restore the equilibrium.* 

776. A common electrical battery may be chai>ged from a voltaia 
battery of sufficient size ; but the lar^st calorimotor that has ^ 
been constructed, furnishes no indication of attraction or repolsMS 
equal to that which is given by the feeblest degree of excitation tt 
a piece of sealing wax. A galvanic battery, consisting of fi^ 
pairs of plates, will affect a <&licate gold-leaf electrometer ; an^ 
with a series of one thousand pairs, even pith balls are made to 
diverge. 

777. Voltaic piles have been constructed of layers of gold and 
silver paper. The effect of such ^iles iiemains undisturbed for 
years. With the assistance of two such piles, a kind of perpetual 
motion^ or self-moving clock, has been invented by an Italian phi 
losopher. The motion is ^oduced by the attraction and re|MiUsioB 
of the piles exerted on a pnli ball, on the principle of the electrical 
bells described in number 733. The top of one of the piles was 
positive, and the bottom negative. The other pile was ib an oppo- 
nte state ; namely, the top negative, and the bottom positive. 

778. The effect of the voltaic pile on the animal body 
depends chiefly on the number of plates that are M- 
ployed ; but the intensity of the spark and its chemical 
agencies increase more with the 8tz» of the plates, than 
with their number. 

779. Galvanism explains many facts in common life. 

* Whenever an electrical battery is charged, how great sosver may be tks 
quantity that it contains, the whole of the power is cU once expenoed, as soon 
as the circuit is completed. Its action may be sufficiently enei^getic while It 
lasts, but it is exerted only for an instant, and like the destructive operation ot 
lightning, can efibct, during its momentary passage, only sudden and violent 
changes, which it is beyond human power to regulate or control. On the con- 
trary, the voltaic battery continues for an indefinite time, todevelope and supply 
vast quantities of electricity, which, far from being lost by returning to their 
source, circulate in a perpetual stream, and with undiminished force. Tbe 
streets of this continued current on the bodies subjected to its action, wiU, 
therefbre, l>e more definite, and will be constantly accumulating: and the^ 
amount in process of time, will be incomparably greater than even thqse of tks 
ordinary electrical explosion. It is, therefore, found that changes in the conw 
position of bodies are effbcted by galvanism, which can be aasompIiBhed by no 
other means. The science of galvanism, therefore, has extended the field, sad 
multiplied the means of investigation in the kindred sciences, sepecially that of 
chemistry. 

What is the second way in which they diflbr f What is the third .' What ii 
Mid in the note with regard to the third circumstance in which the eiectrldl^ 
obtained by the ordinary electrical machine differs firoD that produced by ths 
galvanic battery ? What is said of the eflfbcts of this continu^ current on thi 
bodies subjected to its action ? Of what have voltaic piles been conatrncted f 
What has been produced with the assistance of two such piles f How and <m 
what principle was the motion produced f 778. On what does the eflfect of ths 
voltaic pile on the body depend i 779. What facto in common life does gatnat 
lim explain f 
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Porter, ale, or strong beer, is said to have a peculiar taste when 
drank firoin a pewter yessel. The peculiarity of taste is caused by 
4he galraiiie circle formed by the pewter, the beer, &c., and the 
moistiire of the under lip. 

Works of metals, the parts of which are soldered together, soon 
taurnisb in the places where the metals are Joined. 
' ^Ancient coins, composed of a mixture or metal, have erumbled to 
':piece8, while those composed of pure metal have been uninjured. 
» Tha nails and the copper in sheathing of ships are soon corroded 
■boot the place of contact. These are all the effects of galvanism.* 
There are persons who profess to be able to find out seams in 
brass and copper vessels by the tongue, which the eye cannot dis- 
cover ; and, by the same means, to distinguish the base mixtures 
•which abovnd in gold and silver trinkets. 



SECTION XVIII. 

MagneHsm. 

^ 780. Magnetism treats of the properties and effects 
of the magnet, or loadstone. 

781. There are two kinds of magnets, namely, the native or 
natural magnet, and the artificial. 

782. The native magnet, or loadstone, is an ore of iron, found in 
iron mines, and has the property of attracting iron and other suh- 
stances which contain it. 

783. An artificial magnet is a piece of iron to which magnetic 
properties have been communicated. 

For all purposes of accurate experiment, the artificial Is to be pre- 
/erred to tlie native magnet. 

784. If a straight bar of soil iron be held in a vertical position, 

* The mcMt itrikiiif eflfbcta of galranism on the human fVame, after death, 
were exhibited at GHaagow, a fbw yean ago. The subject on which the experi> 
ments were made was the body of the murderer Clydetsdale, who was hanged 
at that city. He had been suspend^ an hour, and the first experiment waa 
made in about ten minutea after he was cut down. The galvanic battery em- 

Coyed c<uisisted of 270 pairs of four inch plates. On the application of the 
ittery to diflerent parts of the body, every muscle waa thrown into violent 
Sgitation J the leg waa thrown out with great violence, breathing commenced, 
the Ihoe exhibited extraordinary grimaces, and the finger seemed to point out the 
spaetatora. Many persons were obliged to leave the room from terror or sick- 
nsaa ; (me gentleman fidnted, and some thought that the body had really come 
to lift. 



780. Of what does magnetism treat f 781. How many kinds of magnets an 
there r What are they f 782. What is the native magnet? What pWperty 
does It possess f 783. What is an artificial magnet i Which magnet i* pr^ 
Hrred, for all purpoaea of accurate experiment i 784. How can an artificial 



magnet be fluads ? 
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(or, still better, in a position slightly inclined to the perpendicalar, 
the lower end deviating to the north,) and struck several smart 
blows with a hammer, it will be found' to have acquired, bj this 
process, all the properties of a magnet ; or, in other words, it will 
become an artificial magnet. 

785. The properties of a magnet are four ; n'amel/, 
First, Polarity, — '- Second, Attraction of unmagnetic iron, 
— Third, Attraction and repulsion of mapietic irQO« -^ 
Fourth, The power of communicating magnetism to 
Other iron. 

786. By the polarity of a magnet is meant the prop- 
erty of pointing, or turning to the north and south pc4ei. 
The end which points to the north, is called the north 
pole of the magnet, and the other the south pole. The 
attractive power of a magnet is strongest at the poles. 

787 When a magnet is supported in such a manner as to move 
freely, it will spontaneously assuoie a position directed nearly north 
and south. The end which points to the north, is called the north 
pole of the magnet ; and that which points to the south, is called 
tlie south pole. 

788. There are several ways of supporting a magnet, so as to 
enable it to manifest its ])olarity. Firj<, by suspending it, accu- 
rately balanced, from a string. Secondly, by poising it on a sharp 
point. Thirdly, by placing it on a piece of cork, and thus making 
it float on water. 

789. Different poles of magnets attract, and similar 
poles repel each other.* 

79(). A magnet, whether native or artificial, attracts iron or steel 
which has no magnetic properties ; but it bi^th attracts and repels 
those substances, when thev are magnetic ; that is, the north pole 
of one magnet will attract tne south pole of another, and the south 
pole of one will attract the north of another ; but the north pole of 
the one repels the north pole of the other, and the south pole of one 
repels the south pole of another. 

791. If either pole of a magnet be brought near any email pieee 

* There is here a close annlogy between the attraetfre and repnMve powsn 
of the diflTerent kinds of electricity, (that is, the pMitire and the negatiTe,) aai 
the northern and southei>n polarities of the maj^net. The same law obtatas t 
with regard to both; namely, — &e< ween like powers there is reputsumi ^ ' 
f ipeen unlike, there is attraction, 

785. What is tlie first property of the magnet .' Second ? Third ? Fourlli i 
T86. What is meant by the polarity of a magnet ? Where is the attractife 
power of the magnet the strongest i When will a magnet assume a poKitioa 
directed nearly north or south ? What i:* the north polo of the magn$« f What 
la the south pole i In what ways can a magnet be supported so as to enable It 
to manife«t its polarity. What is said in No. 793 with regard to tile aitrss- 
tlon of magnets, whether native or artitlcial i What analogy is thipre hetwese 
the attractive and repulsive powers of the diffbreot kinds of electricity, and tke 
Borthern and southern polarities of the magnet i 
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of. foft iron, it will attract it Iron filings will alio adhere in clat- 
ters to either pole. 

792. If the north pole of a magnet, held in the hand, be presented 
to the same pole of a magnet balanced on a point, or suspended by 
t string, it will repel it, — but it will attract the opposite pole. 

793. A magnet may communicate its properties to 
'other bodies. But these properties can be conveyed to 
no Aher substances than iron, nickel, or cobalt.* 

Ail natural and artificial magnets, as well as the 
bodies on which they act, are either iron in its pure 
state, or such compounds as contain it. 

794. The powers of a magnet are increased by action, 
and are impaired and even lost by long disuse. 

79& When the two poles of a magnet are brought together, so 
t^t the magnet resembles in shape a horse -shoe, it is called a 
horse-shoe magnet, and it may be made to sustain a considerable 
weight by suspending substances from a small iron bar, extending 
from one p«le to the other. This bar is called the keeper. A 
small addition may be made to the weight every day. 

796. Soft iron acquires the magnetic power very readily, and also 
loses it as readily, — but hardened iron or steel acquires the proper- 
ty with difficulty, but when it has acquired it, retains it perma- 
nently. 

797. When a magnet is broken or divided, each part 

becomes a perfect magnet, having both a north and 

south pole. 

This is a remarkable circumstance, since the central part of a 
magnet appears to possess but little of the magnetic power, — but 
when a magnet is divided in the centrey this very part assumes the 
magnetic power, and becomes possessed, in the one part, of the 
north, and in the other, of the south polarity. 

798. The magnetic power of iron or steel resides 
wholly on the surface, and is independent of its mass. :f 

* Hie accnraey of the •aboYe statement may, perhaps, be questioned, since 
Coulomb has discoYered, that " all solid bodies are susceptible of magnetic in* 
Jtuenee.** But the " infiuence " is perceptible only by the nicest tests, and 
imder peculiar circumstances. [See Electro-Magnetism.] 

t In this respect there is a strong resemblance between magnetism and elecr 
trieity. Electricity, as has already been stated, is wholly confined to the sur- 

798. Can a magnet communicate its properties to other bodies ? To what 
■abstances, only, can these properties be conveyed ? Of what substance are all 
■storal and artificial magnets, as well as the bodies on which they act, com- 
posed i 794. How can the powers of a magnet be increased i 795. What is a 
Bone^taoe magnet * How can it be made to sustain a considerable weight f 
What is this bar called f 796. How does soft iron difibr firom hardened iron, 
with respect to its acquiring and losing the magnetic power f 797. What 
•flbet is produced when a magnet is broken or divided i Why is this a rs- 
marfcable circumr'ance { 798. Where does the magnetic power of iron or steal 
svholly reside f Nott. In what particulars do magnetism and electricity rs- 
•smMe eadi other ? 

14* 
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799. Heat weakens, and a great degree of heat A^ 
Biroys the power of a magnet ; but the magnetic utrac- 
|k>n is not in the least diminished by the interposiiion of 
any bodies except iron, steel, &.c. 

800. Electricity frequently changes the poles of a magnet } and 
the explosion of a small quantity oigunpowder, on one of the poles, 
produces the same effect. , 

Electricity, also, sometimes renders iron and steel magneticy 
which were not so before the charge was received. 

801. The effect produced by two magnets, used to- 
gether, are much more than double that of either one 
used alone. 

802. When a magnet is suspended freely from its 
centre, the two poles will not lie in the same horizontal 
direction ; one of them will incline towards the horizody 
and the other will consequently rise; or, in other words, 
one end of the magnet will be higher than the other. 
This is called the inclination or the dipping of the. 
magnet. 

fliee of bodies. In a few wt^n, maimetisin and electricity may be said to 
reaemhle each other in the following pariicularv. 

1. Each consittts of two species, namely, the vitreous and the resinous (or, 
the positive and negative) electricities ; and the northern and southern (soma- 
limes called the Boreal, and the Avgtral) polarity. 

2. In both magnetism and electricity, those of the same name repel and thois 
of dilTereat names attract each oiher. [See No. 790.] 

9. The laws of induction in both are similar. 

4. The influence, in both cases, (as has just been stated,) resides at the rar- 
faeey and is wholly independent of their mass. 

But mngnetism and electricity differ in the following particulars. 

1. Electricity is capable of being excited in cUl bodies, and of being iMpartad 
to all,— Magnetism, wiiii but few exceptions, resides in, and can be imponod 
only to iron, and its different compounds. [See note to No. 793.1 

5. Electricity may be transferred from one body to another; in which caao 
the body from which it is transferred loses the whole or a portion of its electric- 
ity. Mitgneiism cannot be transferred in the same manner -, but it may be com- 
municated from a magnet to anotlit^r piece of iron or steel, in which case iht 
magnet employed loKes no part of its own power. 

8. When an electrified body is divided near the middle, the two parts wU 
possess the same ivind of electricity which they had before the separation,-* 
but wlien a magnet is divided, or brolien into any number of parts, each part 
vill have both polarities, and become a perfect magnet. 

4. The directive property, or the property of turning toward the north aai 
south poles, belongs to the magnet alone. 

Note. What is the first .' What is the second ? What is the third f What 
\B the fourth i In what particulars do magnetism and electricity diflbr from 
each other? What is the first ? What is the second.^ What is the third f* 
What is the fourth .> 799. What effect has heat on iho power of the magnet f 
By what is the majinetic attraction diminished i 800. What effect has electric 
ily on the poles of a magnet i What effect has electricity, somet.nibs, on \nm. 
•od steel i 801. What proportion do the effects produced by twti aiajrneus 
aned together, bear to that of either used alone. 602. What is uicaitt ^y ihf 
inclination or d'pping of the magnet f 
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ft03. The magnet, when suspended, does not invaria* 
bly point exactly to the north and souUi points, but varies 
a little- towards the east or the west. This variation 
differs at different places, at different seasons, and al 
diHerent times in the day. 

804. The science of magnetism has rendered immense 
advantages to commerce and navigation, by means of 
the mariner's compass. * The mariner's compass con« 
sistsof a magnetised bar of steel, called a needle; having 
at its centfe a cap fitted to it, which is supported on a 
sharp-pointed pivot fixed in the base of the instrument. 
A circular plate, or card, the circumference of which is 
divided into degrees, is attached to the needle, and 
turns with it. On an inner circle of the card the thirty- 
two points of the mariner's compass are inscribed, t 

805. The needle is genernlly placed under the card of a mariner's 
oompafls, so that it is out of sight ; bat small needles, used on land, 
ire placed above the card, and the card is permanently fixed to ths 
box. 

806. The north pole of a magnet is more powerful in 
the northern hemisphere, or north of the equator, and 
the south pole in the southern parts of the world. 

807. When a piece of iron is brought sufHciently near 
to a magnet, it becomes itself a magnet ; and bars of 

* The invention of the marininr^s compass is usually ascribed to Flavio ds 
Melfi, or Flavio Gioia, a Neapolitan, ahont tlie year 1S02. Some auitiorities^ 
however, assert that it was brought fWim China, by Marcus Panlns, a Venetian, 
ia 1260. The invention is also clnif tied both by the French and English. 

The value of this discovery may be estimated from the consideration, that, be- 
tatrt the use of the compass, mariners seldom trusted themselves out of sight t^ 
land; the>' were unable to make long or distant voyages, as they had no means 
to find their way back. This discovery enabled them to find a way where all 
ts trackless, — to conduct their vessels through the mighty ocean, ont of the 
s^t of land; and to proseruie those discoveries, and perform those gallant 
deeds which have immortalized the names of Cook, of La Feroase, Vancouver, 
Kr Francis Drake, Nelson, Parry, Franklin, and others. 

t The compass is generally fitted by two sets of axes to an outer box, so that 
it always retains a horitontal position, even when the vessel rolls. When tha 
artificial magnet or needle is kept thus freely suspended, so that it may turn 
north or south, the pilot, bv looking at its position, can ascertain in what 
direction his vessel is proceeding (See No. 786) ; and, although the needle varies 
a little from a correct polarity, yet thia variation is neitlier so great, nor so irref- 
nlar, as seriously to impair its use as a guide to the vessel in its coiurse over tte 
patkless deep. 

b.<S.'Doea the magnet, when suspended, invariably point exactly to the nortH 
abd south points f 804. What advantage has the science of magnetism render- 
ed to commerce and navigation f Of what does the mariner^s compass con* 
sbt f Note. To whom is the invention of the mariner^s compass usually as- 
cribed ? How may the value of this discovery be estimated i 806. Where are 
the north and south poles of a magnet the most powerl\il f 807. What efltoC 
lias a magnet on a piece of iron, when it is brought suiliciently near to it f 
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iron, that have stood long in a perpendicular situation^ 
are generally found to be inagnetical. 

608. Artificial magnets are made by applying one or more power- 
ful magnets to pieces of soft iron. The end which is touched by 
the north pole, becomes the south pole of the new magnet, and that 
touched by the south pole, becomes the north pole. The magnet 
which is employed in magnetising a steel bar loses nqpe of its 
power by being thus employed ; and as the effect is increased when 
two or more magnets are used, with one magnet a number of ban 
may be magnetised, and then combined togeUier ; by which meanf 
their power may be indefinitely increased. Such an apparatus !■ 
ealled a magnetic magazine. * 

809 A magnetic needle is made by fastening the steel on a pieoe 
of board, and drawing magnets over it firom the centre outwards. 

810. A horse-shoe magnet should be kept armedf by a small {ueoe 
of iron or steel, connecting the two poles. 

811. Interesting experiments may be made by a magnet, even c^ 
DO great power, with steel or iron filings, smul needles, pieces of 
ferruginous substances, and black sand, which contains iron. Soch 
substances may be made to assume a variety of amusing forms and 
positions, by moving the magnet under the card, paper, or table, on 
which they are placed. Toys, representing fishes, frogs, &c., which 
are made to appear to bite at a hook, birds, floating on the water, 
dec. are constructed on magnetic principles, and sold in the shops. 

* There are many methods of making artificial magnets. One of the most 
simple and effectual eonsists in pasHing a strong horse-shoe magnet over bars 
eX soft iron. 

In making bar (or straight) magnets, the bars most be laid lengthwise, on a 
flat table, with the marked end of one bar against the unmarkol end of the 
next ; and in making horse-shoe magnets, the pieces of steel previously bent 
Into their proper form, must be laid with their ends in contact, so as to form a 
figure like two capital U*s, with their tops joined together, thus c3^, observing 
that the marked eilds come opposite to those which are not marked ; and then, 
in either case, a strong horse-shoe magnet is to be passed with moderate press- 
are over the bars ; taking care to let the marked end of this magnet preceds^ 
and its unmarked end follow it ; and to move it constantly over Ae steel bars, 
so as to enter or commence the process at a mark, and then to proceed to an 
onmarked end, and enter the next bar at its marked end, and so proceed. 

After having thus passed over the bars ten or a dozen times on eadb aide, and 
in the same direction, as to the marks, they will be converted into tolerably 
strong and permanent magnets. But if, after having continued the process fbr 
some time, the exciting magnet be moved even owie over the bars in a contrarr 
direction, or if its south pole should be permitted to precede, after the north 
pole has been first used, all the previously excited magnetism will diaappesr, 
and the bars will be fbund in their original state. 

808. How are artificial magnets madef Does the magnet, which is employed 
In magnetising a steel bar, lose any of its power by being thus employed f Wlutf 
is a magnetic magazine f 809. How is a magnetic needle made f 810. Wkat 
la said with regard to a horse-shoe magnet f How should a horse-shoe 
te kept f 
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SECTION XIX. 

Electro »Magneti9m. 

812. 'Electro-Magnetism treats of the combined pow- 
ers of electricity aod magnetism. 

813. The paBMpe of the two kinds of electricity, (namely, the 
positive and the negative,) through their cireoit, is called the elec- 
tric currents; and the science of electro-magnetism explains the 
pbenninena attending those currents. 

814. It has alreaify been stated, thst from the connecting wires 
of the galvanic circle, or battery, there is a constant current of elee* 
tricity passing from the zinc to the coppi'r, snd from the copper to 
the zinc plates. In the single circle these currents will be negative 
fifom tlie zinc, and po^tivefrom the copper; but in the compound 
eircles, or the battery, the current of positive electricity will flow 
^m the zinc to the copper, snd the current of tiegatiTe electricity 
fiom the copper to the zinc. [See Nate 3J, to Ab. ?^.] 

815. From the effect produced by electricity, on the msgnetio 
needle, it had been conjectured* by a number of eminent philoso- 
phers, that magnetism, or magnetic attraction is in some manner 
caused by electricity. In the year 1819, Professor Oersted of Co- 
penhagen, made the grand disco?ery of the power of the electric 
current to induce magnetism ; thus proving the connexion between 
■Mgnetism and electricity. 

816. In a short time after the discovery of Professor Oersted, Mr. 
Farraday discovered that an electrical spark could be taken from a 
magnet ; and thus the common source of magnetism and electricity 
was fully proved. 

In a paper recently published, this distinguished philosopher has 
very ably maintained the identity of common electricity, voltaic 
electricity, magnetic electricity, (or electro-magnetism,) UiernK>- 
electricity, * and animal electricity. The phenomena exhibited in 

* 1b tile year 1822, Froftnor Seebeck, of Berlin, diteovered, that currents of 
tfeetrteity mifrht lie fNroduced by the partial application of iMat to a circuit 
eosDposed exclusively of m»Im< conductors. (See Gs/vanism, iV». 760.) The elee- 
trical current, thus excited, haji been termed, Thermo-eteetric^ (flroni the finek 
Tkenm0», which siKnifles heat,) to disttiifuish It fWwn the common ^Ivaaie 
current ; which, as it requires tlie intenreniion of a JIuU element, was denMa- 
Inated a Hfdrtheleetrie current. The term Stereo-eUetrie current, has also beea 



113. or what does electro-magnetism treat f SIS. What is the electric 
tMt i What does the science oT electro-mafnetism explain * 814. What is < 
AfTerrace between the currents in the single and the compound circles / SIS, 
Wluat Is it thought causes magnetic attraction t What discovery was made tal 
Vm year 1818 f By whom f 816. What further discovery was made soon alUr, 
and by whom f What does this philosopher maintain f ffote. In what way 
may currents of electrictey be produced f What is the electrical current* thos 
SBMltod, termed f How does this current difler trom the curaoioB falYanic < 
not f What other term has been applied to this camat ^ 
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all these five kinds of electricity, dififer merely in degree and thi 
Btate of intensity in the action of the flaUl. ^ 

The discovery of Professor Oersted has been followed oat bj 
Ampere ; who, by his mathematical and experimental reseaichea, 
has presented a theory of the science less obnozioua to objectioni 
than that proposed by the Professor. 

817. The principal facts in connexion with the science 
of electro-magnetism are, — 

1. That the electrical current, passing wttnterntptedlgf* through a 
wire, connecting the two ends of a galvanic battery, produces an 
efiect upon the magnetic needle. 

2. That electricity will induce magnetism. 

3. That a magnet, or a magnetic magazine, will induce electri- 
city. 

4. That the combined action of electricity and magnetism, as de- 
scribed in this science, produces a rotatory motion of certain kinds 
of bodies, in a direction pointed out by certain laws. 

5. That the periodical variation of the mag^netic needle, from the 
true meridian, or, in other words, the variation of the compass is 
caused by the influence of the electric currents. 

6. That the magnetic influence is not confined to iron, steel, Ac 
(See Magnetism^ ^o. 793,) but that most metals, and many other 
substances may be converted into temporary magnets by electrical 
action. 

7. That the magnetic attraction of iron, steel, &/9, may be prodi- 
giously increased by electrical agency. 

applied to the former, in order to mark its being produced in s3r8teniB fbrmed of 
tolid bodies alone. It is evident that if, as is supposed in the Uieory of Ampdn^ 
magnets owe their peculiar properties to the continual circulation of eleetrie 
currents in their minute parts, these currents will come under the descriptioi^of 
the gtereo-electric currents. 

From the views of electricity which have now beeQ given, ir appears that 
there are, strictly spealcing, three states or electricity. That derived from the 
common electrical machine is in the highest degree of tension, and ancamulatei 
until it is able to force its way through the air, which is a perfect non-condoo> 
tor. In the galvanic apparatus, the currents have a smaller degree of tension; 
because although they pass fireely through the metallic elements, they meet with 
some impediments in traversing the ^uid conductor. But in the thermo-electric 
currents, the tension is reduced to nothing; because, throughout tlie whole 
course of the circuit, no impediment exists to its firee and uniform circnlaUoa. 

* All the effects of electricity and galvanism, that have hitherto been deacrib 
ed, have been produced on bodies interposed between the extremities of coiK 
doctors, proceeding from the positive and n^^tive poles. It was not known, 
until the discoveries of Professor Oersted were made, that any effect could be 
produced when the electric circuit is uninterrupted. 

How do the phenomena exhibited in these five kinds of electricity dIAr? 
Note. To what do magnets owe their peculiar properties f What fallows fhMn 
this f How many states of electricity are there f What is said of that derived 
from the common electrical machine i What is said of that derived from dM 
galvanic apparatus ? What is said of the thermo-electric currents? 817. What 
•re the principal fhcts in connexion with the science of electro-magnetism f k 
What is the first f 2. What is the second f s. What is the third ? 4. What M 
the fourth f 5. What is the fifth f 6. What is the sixth f 7. What is tbs 
seventh f Where have the bodies been supposed to be placed, in all the 
«f electricity and galvanism that have hitherto been described f 
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8. That the direcHan of the electric current may, id all caaes, be 



9. That magnett^m is produced whenever concentrated electrici- 
t^ 18 passed through space. 

10. That while in common electrical and magnetic attractions 
and repulsions, those of the same name are mutually repulsive, and 
tfaoee of different names attract each other ; in the attractions and 
lepalsions of electric currentSy it is precisely the reverse, the repul- 
non taking place only when the wires are so situated that the cur- 
lents are in opposite direction. 

818. A metallic wire, forming a part of a voltaic cir- 
cuit, exercises a peculiar attraction towards a magnetic 
needle. 

819. Illustration. If a wire, which connects the extremities of 
a voltaic battery, be Brouffbt over, and parallel with a magnetic 
needle at rest, or with its poles properly directed north and south, 
that end of the needle next to the negative pole of the battery will 
move towards the west, whether the wire be on one side of the 
needle or the other, provided, only, that it be parallel with it. 

820. Again: If the connecting wire be lowered on either side of 
the needk, so as to be in the horizontal plane in which the needle 
riiould move, it will not move in that plane, but will have a tenden- 
cy to revolve in a vertical direction ; m which, however, it will be 
prevented from moving, in consequence of the attraction of the 
earth, and the Aiannerin which it is suspended. When the wire is 
to the east of the needle, the pole nearest to the negative extremity 
of the battery will be elevated ; and when it is on the west side, 
that pole will be depressed. 

821. If the connecting wire be placed below the plane in which 
tkfe needle moves, and parallel with it, the pole of the needle next 
to the negative end of the^wire will move towards the east; and the 
attractions and repulsions will be the reverse of those observed in 
the former case. 

822. The two sides of an unmagnetised steel needle 
will become endued with the north and south polarity, if 
the needle be placed parallel with the connecting wire 

* This is done by menna of the magnetic needle. If s sheet of paper be placed 
over a horse-ehoe magnet, and fine black sand, or steel filings, be dropped looself 
on the paper, the particles will be disponed to arrange themselves in a regular 
Older, and in the direction of curve lines. This is, undoubtedly, the efibct of 
some influence, whether that of electricity, or of magnetism alone, cannot at 
prasent be determined. 

^ 

8. What is the eighth fact in connexion with the science of electro-magnet- 
ism f 9. What is the ninth f 10. What is the tenth > How can the direction 
of the electric current he nricertained ? What is stated in No. 818. 819. What 
fllostration of this is given .' 820. What second illustration is given i In what 
direction will the pole of the neeiile next to the negative end of the wire movsi, 
if the connecting wire be piiireil below the plane in which the needle move% 
and parallel with it * 821. What is said with regard to the attractions and rs- 
pnislons i 822. How may the two sides of an unmagnetised steel needle ho* 
eadned with the north and south polarity f 
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of a voltaic battery, and nearlj or quite in contact with 
it. But if the needle be placed at right angles with th9 
connecting wire, it will become permanently magnetic ; 
one of its extremities pointing to the north pole and the 
other to th^ south, when it is freely suspended and su^ 
fered to vibrate undisturbed. 

8!2d. Magnetism may be communicated to iron and 
steel by means of electricity from an electrical machine; 
but the effect can be more conveniently produced by 
means of the voltaic battery. 

824. Illustration. If a helix be formed of wire, and a bar of ateel 
1>e inclosed within the heUz, tiie bar will immediately beoorae mag- 
netic by applying the conducting wires of tbo battery to the extrem- 
ities of the helix. * The electricity from the common electrical 
machine, when passed through the helix, will produce the same 
effect 

If such a helix be so placed that it may move freely, as whcto 
made to float on a basin of water, it will be attracted and repelled 
by the opposite poles of a common magnet. 

825. If a magnetic needle be surrounded by coiled 
wire, covered with silk, a very minute portion of elec- 
tricity through the wire will cause the needle to deviate 
from its proper direction. 

826. A needle thus prepared, is called an electro-magnetic multi- 
plier. It is, in fact, a very delicate electroscope, or ruther gaixafir 
ometevj — capable of pointing out the direction of the electric eur^ 
rent in all cases. « 

827. The discovery of Oersted was IVmited to the action of the 
electric current on needles jtreriously maarnrtised ; it was afterwards 
ascertained by Sir Humphrey Davy, and M Arago, that mrignet* 
ism may be developed in steel, not previously poasossinff it, if the 
•leel be placed in the electric current. Both of these philosoiihfrs, 
independently of each other, ascertained that the nnilinp wire, 
becoming a ma{rnet, attracts iron filings, and collects suflieient to 
acquire the diameter of a common quill ; but the moment the cnn- 

♦ The hrtix w n spirnl line, or a line in the Ibriii of a cork-»«rew. The wtre 

.Which fomw the helix Mhnnid he ccwieii with some nnn-condiictinjc snIiMitinee, 

such m iiilk woond around it *, as it may then he fhrmeil into r.loMe coiK wHhoat 

suflTeriiig the electric fluids to paas from surface to surfiice, which wouM inipdi 

tu efRsct. 



ITnder what circnmiitance8 will it heronfie perfnanently mag^netic } 828. How 
can nm^'netirini be commiinicHii'd tn iron nnd Kiecl * flow can itie clTert t>e more 
riMivenlenJiv pro<lnced ? 824. What IIIiwirMtion ofihw i« eiven.' ,Vo/e. What if 
the helix? Why ithniild the wire, whlrh |V»rnm the h«*lix be conied with •oine 
nun-condnctiii? MiiliKtHnce ? Whut 'w xaid of n helix, if it lie plart* d xn that it may 
move freely ? 825. How cnn the inMffneiic Jieedle be mnde to deviHie from iti 
proper direction? 826. What \h n needle ilmn f»reriared railed ? 827. Can ma^ 
Betism be developed in uteel not (irevioufh |ii»»etwing il i Where must thesUM 
be placed? What properly has the uiiitiug wire? 
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asxioii is luoken, all the 61iiift drop off; and the attraction dimia* 
iihea with the decaying energy or the pile. Filing! of braaa, or 
tfDjpper, or wood shavinga, are not attracted at all. 

8^8. Among the most remarkable of the facts con- 
nectM with the science of electro-magnetism, is what 
ifi called the electro-magnetic rotation. Any wire, 
through which a current of electricity is passing, has a 
tendency to revolve round a magnetic pole, in a plane 
perpendicular to the current ; and that without refer- 
ence to the axis of the magnet, the pole of which is 
used. In like manner, a magnetic pole has a tendency 
to revolve round such a wire. 

B29. Illustration. Suppose the wire perpendicular, its upper end 
positive, or attached to the pobitive pole of the voltaic battery, and 
Its lower end negative; and let the centre of a watch-dial represent 
the magnetic pole: if it be a north pole, the wire will rotate round 
it, in ttie direction that the hands move ; if it be a south pole, tbe 
motion will be in the opposite direction. From tliese two, the mo- 
tions which would take place if the wire were inverted, or the pole 
changed, or made to move, may be readily ascertained, since the 
relation now pointed ont remains constant. 

830. Fig. 131 represents the ingenious apparatus, invented by 
Bf. Faraday, to illustrate the electro-magnetic rotation. The cen- 
tral pillar supports a 

piece of thick cop- Fig. ISI. 

per iYi^> which, on 
the one side, dips 
into the mercury 
contained in a small 
glass cup a. To a 
pin at tlie bottom of 
this cup, a small 
cylindrical magnet 
is attached by a piece 
of thread, so that one 
pole shall rise a little 
above the surface of 
the mercury, and be 
at liberty to move 
around the wire. 
The bottom of the 
cnp is perforated, and has a copper pin passing through it, which, 
toaching the mercury on the inside, is also in contact with the wire 
that proceeds outwards, on that side of the instrument. On the 
other side of the instrument, 6, the thick copper wire, soon aller 
turning down, terminates, but a thinner piece of wire forms a com- 

Wtaat followi, if the connexion be brolcen ? Are filings of brass or wood 
attracted at all f 828. What is the electro-magnetic rotation i 839. What 
niitttration is given? 830. What does Fig. 131 represent? Explain the 
flgore 

id 
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Fig. 132. 



manication between it and the mereory <m the cap beneath. A« 
freedom of motion is regarded in the wire, it is made to communi- 
cate with the former by a ball and socket joint, the ball being held 
in the socliet by a piece of thread ; or else the ends are bent into 
hooks, and the one is then hooked to the other. As ffood metallic 
contact is required, the parts should be amalgamateo, and a small 
drop of mercury placed between them : the lower ends of the wiie 
should also be amalgamated. Beneath the hanging wire, a small 
circular magnet is fixed in the socket of the cup 6, so that one of 
.ts poles is a little above the mercury. As in the former cup, a me* 
tallic connexion is made throu^ the bottom, from the mercury to 
the external wire. 

If now ihe poles of a battery be connected with the horizontal 
external wires, c c, the current of electricity will be through the 
mercury and the horizontal wire, on the pillar which connects them, 
and it will now be found, that the movable part of the wire will 
rotate around the magnetic pole in the cup 6, and the magnetic pob 
round the fixed wire in the other cup a, in the direction Uftbre 
mentioned. 

By using a very delicate apparatus, the magnetic pole of the 
earth may be made to put the wire in motion* 

831. Fig. 132 represents another ingenious con- 
trivance, invented by M. Ampere, for illustrating 
the electro-magnetic rotation ; and it has the ad- 
Tautage of comprising within itself the voltaic com- 
bination which is employed. It consists of a cyl- 
inder of copper, about two inches high, and a little 
less than two inches internal diameter, within 
which is a small cylinder, about one inch in diam- 
eter. The two cylinders are fixed together by a 
bottom, having a hole in its centre, the size of the 
smaller cylinder, leaving a circular cell, which 
may be filled with acid. A piece of strong copper 
wire is fastened across the top of the inner cylinder, 
and from the middle of it rises, at a right an^le, a 
piece of copper wire, supporting a very small metal 
cup, containing a few globules of mercury. A cyl- 
inder of zinc, open at each end, and about an inch and a quarter in 
diameter, completes the voltaic combination. To the latter cylinder 
a wire, bent like an inverted U, is soldered, at opposite sides: and 
in the bend of this wire a metallic point is fixed, which, when 
inserted in the little cup of mercury, suspends the zinc cylinder in 
the cell, and allows it a free circular motion. An additional point 
is directed downwards from the central part of the stronger wire, 
which point is adapted to a small hole at the top of a powerful bar 
magnet. When the apparatus with one point only is charged with 
diluted acid, and set on the magnet placed vertically, the zinc cyl- 

How is the freedom of motion, which is required on the wire, obtained f 
How can the metallic contact which is required be obtaiued i If the poles ofs 
battery be ccmnected with the horizontal external wires, c c, throughout, what 
direction will the current of electricity take ? Round what pole will ihe movabiS 
part of the wire rotate i* Round what will the magnetic pole rotate r 831. 
Wbat does Fig. 132 represent ? Of what does it consist ? 
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iader revolvet in i direclipn determined Uy the inn£netic pole 
which is uppermost. With iwo points, the copper revnU'OB in one 
Arection. mud the zinc in a contrary direction. 

832. If, instead of a bar magnet, a horse-shoe uia^iiet be employ- 
ed, with an apparatus on each pole, similar to that which ban now 
been described, the cylinders in each will revolve in oitpositc direc- 
tions. The smaU cups of mercury mentioned in the preceding de- 
■eription are sometimes omitted, and the points ore inserted in an 
indentation on the inverted U. 

833. Macnets of prodigiouB power have been formed 
bj means of voltaic electricity. 

834. An electro-magnet was constructed by Professor Henry 
and Dr. Ten Eyck, which was capable of supporting a weight 
of 750 pounds. They h*ve subsequently constructed anotlier, 
which will sustain 2063 pounds. It consists of a bar of soft 
iron, bent into the form of a horse-shoe, and wound witli twenty-six 
sfanaads of copper bell-wire, covered with cotton threadM, each Uiirty- 
one feet long ; about eighteen inches of the ends are left projecting, 
so that only twenty-eight feet of each actually surround the iron. 
The aggregate length of the coils is therefore 726 feet. Each 
strand is wound on a little Jess than an inch: in tlie middle of the 
horse-shoe it forms three thicknesses of wire ; and on the ends, or 
Bear the poles, it is wound so as to form six thicknesses. Being 
connected with a battery consisting of plates, containing a little less 
than forty-eight square feet of surface, the magnet supported the 
prodigious weight stated above, namely, 20()3 pounds. Tlie effects 
of a larger battery were not tried. 

835. It is seen, by what has just been stated, that 
magnetism, of great power, is induced by electricity. 
It remains now to be stated that electricity, of consid- 
erable power, can be elicited from a magnet. 

836. This discovery was made (as has already been stated) by 
M. Faraday. The experiment may be made in the following man- 
ner : Twelve sheer steel plates are to be connected in the form 
of a horse-shoe, with a keeper or lifler made of the purest sofl iron^ 
Around the middle of ihe keeper is a wooden winder, having about 
a hundred yards of common thread bonnet wire, the two ends com- 
posed of four lengths of the wire twisted together, being carved out 
with a vertical curve of about three fourths of a circle ; one of these 
twisted ends passing beyond each end of the keeper, and resting on 
the respective poles of the magnet. A small wooden lever is so 
fixed as to admit of the winder and the keeper being suddenly se|>- 

How will the cylinders in each revolve, if, instead of a bar magnet, a horse- 
flftoe .magnet l>e employed, with an apparatus on each pole siniilar to thai 
which has now been described .^ 833. Ho w have magnets of great power been 
formed ! 834. What weight was the magnet constructed by Professor Henry 
and Dr. Ten Eyck capable of supporting i What weight will the one aAer- 
wards constructed sustain i Of what does it consist i 835. By what is mac* 
netiam of great power indaced i From what can electricity of considerable 
power be elicited f 836. By whom was this discovery made f How can 
Che experiment be made? 
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arated from contact with the magnet, ^irhen a bcautiftil and briQiattt 
•park is perceived to insue from the extremity of the wire which 
first becomes separated from the magpiet. By means of this electli^, 
Bia|[netie spark, gunpowder may be inflamed.* 

The science of electro- magnetism is yet in its infancy. The dis- 
coveries which have rewarded the labors of philosophical research 
are truly wonderful ; but man has as yet but lifled the Teil, behind 
which the stupendous operations of nature are carried on. What 
wonders he will discover, should he penetrate the recestek of her 
laboratory, imagination cannot conceive. It would hare excited no 
little surprise, among the philosophers of the last century, had the 
opinion been advanced, that electricity and magnetism are identicaL 
Perhaps the future philosopher may surprise a generation not Tery 
distant, by the annunciation of the discovery, that attraction aflid 
repulsion of ail kindSf are to be trace4 to a common source, — that 
the san^e influence which binds the particles of a grain of sand to- 
gether, is seen in the vivid flash whiotf' causes the '' lit lalMf to 
shine ; " or heard in the '* live thunder,*' as it leaps fVom p^tc ^ 
peak ; or known in the unerring guide which it fnrnialies toe mari- 
ner in his course over the trackless deep ; and admired in the mutk 
of the spheres, as they harmoniously roll ill grand and magnetie 
course in the immeasurable regions of infinite space. 

* A magneto-electrical machine haa been eonstmeted by Mr. J. Saxton, aa 
ingenious mechanic of Philadelphia, resident in London. A similar apparatus 
has been made by Mr. J. Lukens, of Philadelphia, in a very neat and portable 
form, and ft serves to demonstrate the nature uT the reaction between magnets 
and electrical currents. Messrs. A. &, D. Davis, or this city, have lately con 
strocted an apparatus of the same kind, for Dr. Webster, Professor of Chemis 
try in Harvard University. 

Dr. Ritchie, Professor of Natural Philosophy in the University of London, has 
succeeded in an attempt to cause the continued rotation of a temporary magaet 
on its centre, by the action of permanent magnets. This effect is produced by 
suddenly changing the poles of the temporary magnel, and thus, at the proper 
moment, converting attraction into repulsion. 

Professor Jlenry, of Princeton, New Jersey, has constructed an apparatus for 
exhibiting, in a temporary magnet, a reciprocating motion. The soft iron may- 
net, withes coils of wire, is suspended like the beam of a steam engine, on an 
axis, and furnished with projecting wires, which dip into mercurial cups, con* 
nected with a voltaic battery at each end of the apparatus. The wires are so 
arranged as to change the poles of the soft magnet at every alternation in the 
movement. Each end of the soft iron bar plays between the poles of a perma- 
dent magnet, curved into an elliptical form ; and as it dips into the mercurial 
cup below, its polarity is changed, and it is repelled. A vigorous action is Urns 
kept up, which is limited only by the durability of the materials in the galvairie 
circuit, and their power of furnishing a supply of electricity. 

^ — ^1 

Note. Who has succeeded in an attempt to cause the continued rotation of s 
temporary magnet f How is this effect produced f 
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SECTION 

Aironamy* 

857. Astronomy treats of the heavenly bodies, such 
as the sun, moon, stars, comets, planets, &c. 

^ 838. The earth on which we live is a large globe, or ball, nearly 
eiffht thousand miles in diameter, and about twenty-five thousand 
mues in circumference. It is known to be round,— firsts because it 
cuts a circular shadow, which is seen on the moon, during an 
eclipse; geetnuUy, because the upper parts of distant objects on its 
•ornce can be seen at the greatest distance ; thirdly, it has been 
eiraiBuiavigate^. It is situate^ in the midst of the heavenly bodies, 
whion we see around us at night, and forms one of the number of 
those bodies ; and it belong to that system, which, having the sun 
&r its centre, and being influenced by its attraction, is called the 
soiari system. 

839. The solar system consists of the sun, which is in 
the centre ; 

Of seven primary planets, named Mercury, Venus, 
the Earth, Mars, Jupiter, Saturn, and Herschel ;t 

Of four Asteroids, or smaller planets, namely, Ceres, 
Pallas, Juno, and Vesta ; 

Of eighteen secondary planets or moons, of which 
the !Earth has one, Jupiter four, Saturn seven, and 
Herschel six ; and 

Of an unknown number of comets. 

840. The stars, which we see in the night time, are supposed to 
be suns, surrounded by systems of planets, &c. too distant to be 
seen from the earth. Although they appear so numerous on a 

* It is proper here to remark, that many of the branches of Natural Philoso- 
phy require in the student an intimate acquaintance with the principles of 
tiuUkematieal science. This is particularly the case with astronomy. As 
tills book is designed for tliose who have made little progress in the math- 
ematics, the following treatise on astronomy contains those facts and prin- 
ciples only of the science which are intelligible, without the aid of mathe 
matical light. 

t The word solar means belonging to the sun. 

t This planet is sometimes called Uranus, and sometimes the Georglnm 
BIdiis. 

8S7. Of what does astronomy treat f 838. What is said of the earth I 
How is the earth known to be round ? How is it situated f 839. Of what 
does the solar system consist f 840. What are the stars supposed to be .' 
How many are visible on a bright night, unassisted by glasses i 

15* 
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bright night, yet there are never more than a thousand Tisible fo 
the sight, unassisted by glasses. 

ti4i . Among the stars that are visible on a clear ni^bt may be 
seen a number which are called pl^atets, * (mmUiorud tn JVb. o39.) 
The planets may be distinguished from the stars by their rtwrfy 
li^ht ; while the stars are constantly tminkUn^. The planets, like- 
wise, appear to change their relative places in the heavens, while 
those luminous bodies which are called fixed stars appear to pre- 
serve the same relative position. 

842. The snn, the moon, the pfenets, end the fijied stara^ whioh 
appear to us so small, are supposed to be Isrge worlds, of Tarions 
•lies, and at diflferent but immense distances from ns. The reason 
that they appear to us so small is, that on account of their iiotineaae 
distances they are seen under a small angle of vision. [See M. 
652.] 

843. It has been stated in the first part of this book. (See Jf&$. 
64, 55 and 56,) that every portion of milker is attracted by every 
other portion, — and that the force of the attraction depend* tipon 
the quantity and the distance. At attraction is mutual^ we find that 
all of the heavenly bodies attract the earth ; and the earth, like- 
wise, attracts all of the heavenly bodies. It has been proved, (ms 
Ab«. 152 and 157,) that a body when actuated by several forces will 
not obey eitJier one^ but will move in a direction between them. It 
is so with the heavenly bodies, — each one of them is attracted by 
ever^r other one ; and these attractions are so nicely balanced by 
creative wisdom, that, instead of rnshinff together in one mass, they 
are caused to move in regular paths, (called orbits^) around a central 
body ; which being attracted in different directions, bv the bodies 
which revolve around it, will itself revolve around the centre of 

gravity of the system. Thus, the sun is the centre of what is called 
le solar system, (see J\l'o. 839,) and the planets revolve aronnd it 
in different times, at different distances, and with different veloci 
ties. [See JV'b. 93.] 

844. The paths or courses in which the planets move 
around the sun are called their orbits. 

845. In obedience to the universal law of gravitation, or gravity, 
the planets revolve around the sun as the centre of their system ; 

* The meaning of the word planet is properly a wanderer^ or a toandering 
star. These luminaries were so called because they never retain the same sitii- 
ation, but are constantly changing their relative positions ; while cho«e atan 
which appear to retain their places are called fixed stars. The caa«e of tkt 
motion of the planets will be presently explained. 



841. How may the planets be distinguished from the stars.' How are (be 
planets distinguished fVoni ihejixed stars f Ifote. What is the meaning of (hs 
word planet f Why are they called planets ? What are the flxed stars ? 842. 
What are the sun, moon, planets, and fixed stars supposed to be ! Why do 
they appear so small f 843. What has been stated with regard to the atirae- 
tion of portions of matter f Upon what force does this attraction depend f 
What follows from ni traction being mutual ? What direction do bodies take 
when actuated by seventl forces ? Is this true with regard to the heavenly 
bodies ? Whiii is the centre of the solar system ? What is said of the revola- 
tk)n of the planets' 844. What are the paths, in which the planeta move 
•round the sun, called ' C45. Around what do the planets revolve ? 
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mb4 tfaa time Umi etch dte takM to perform aa entire levolatlall w 
ealW its jekr. Thus, the planet Mercury revolves around the mm 
in of of oar days. Hence, a year on that planet ia equal to 87 daje« 
The planet Venus revolves around the sun in 2SM days. That is, 
therefore, the length of the year of that planet. Our earth revolves 
aroCMil the sim in about w days And 6 hourei Our year, tlMfee- 
fbr^ is ef that lenglh. 

M6. Th« length of time that each pianet tak^ in 
performing its revolution around the Mini or, i» oilier 
words, the length of the year on each planet, i» as ibl- 
]0Ws. ( The fractional parts of the day are omilUd.} 

Mercury ^^ Vesta 1,3£ Jupiter 4^//^ 

Venus 2U Juno 1,698 Saturn 10,750^/ 

Earth 365 Cereff l,68t Hersehel 30,686 >V 

Mars 686 Pallas 1,686 ^ 

847. The mean distance* of each of the planets from 
the sun is expressed as follows, in millions of miles. 

Million*. nilHont. Milliona. ^ 

Mercury 36 Vesta 2& Jupiter 495 ^' 

Venus 68 Juno 254 Saturn 908 

The Earth 95 Ceres 263 Hersehel 1,827 

Mars 145 Pallas 264 

848. While the planets revolve around the sun, each 
also turns around upon its own axis, and thus presents 
each side successively to the sun. 

849. The time in which they turn upon their axes is called their 
day, and is thus expressed in hours and minutes : 

(unknown) Jupiter 9 65 
27 (probably.) Saturn 19 16 
(unknown.) Hersehel (unknown,) 
(unknown.) 
The Sun turns on its axis in about 25 days and 10 hours. 

* The pathg or orbits of the planets are not exactly circalar, but elHpticaL 
TVsy are, therefore, sometimes nearer to the sun than at others. The ineaA 
distance is the medium, between their greatest and least distance. Hkmc ptata* 
ets which are nearer to the sun than the earth is, are culled inferior planetSy 
because their orbits are wiihin that of the earth, — and those which are forther 
from the sun are called superior planets, because their orbits are outside that of 
the earth. 

■ ■ ■ 1 1 ■ ■ ■■ — ^ — — ■ ■ 11 I ■ ■ ■ III ^^M^^ I I I^PW^— — ^ 

What Is a year on each planet ? How long is the year of the planet Mer- 
cury f How long is the planet Venus performing her revolution around tlM 
•OB ? How long is the Earth in performing her revolution around the Sua f 
846. What is the length of the year on the planet Mercury f Venus i Earth t 
Mars ? Vesta f Juno ? Ceres .' Pallas ? Jupiter i Saturn f Hersehel t 
Note. Of what form are the orbits of the planets f What is meant by the mean 
dktancef What planets are called inferior ? Why f What planets are called 
•ooerior ? Why f 847. What is the di6tance of the planet Bilerenry from the 
Boir: f Venus? Earth? Mars? Vesta? Juno? Ceres? Pallas? Jupiter? 
fiatom i Hersehel ? 848. Have the planets any motion beside that around the 
SOB f 849. What is the lime in which they turn upon their axes called ? What 
is the leagth of a day on the planet Mercury i Venus t Earth r Mart f Vesta f 
Juno f Ceres ? Pallas ' Jupiter f Saturn ? Hersehel ? 



Mercury 


H. 

24 


M. 

5 


Vesta 


Venus 


23 


20 


Juno 


Earth 


23 


56 


Ceres 


Mars 


24 


39 


Pallas 



176 



NATURAL PHILOSOPHT. 



850. The relative size of the bodies belonging to tlie 
■olar system, as expressed by the length of their diame- 
ters, is as follows : 



The San 
Mercury 
Venus 
Earth 
The Moon 



Miles. 

877^7 

7^ 
7,924 
2,180 



Mw8 4,299 

Vesta 269 

Juno 1,393 

Ceres 1,589 



MilM. 

PaUas 2,025 

Jupiter 86;955 

Saturn 81,964 

Herschel 34,363 



851. Fiff. 133 is a representation of the comparative aiie of the 
planets. The following illustration of the comparative sise and 
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distance of the bodies of the solar system is given by Sir J. F. W. 
Herschel. On a well levelled field place a globe, two feet in diam- 
eter, to represent the Sun ; Mercury will be represented by a grain 
of mustard seed on the circumference of a circle 164 feet in diam- 
eter for its orbit ; — Venus, a pea, on a circle 284 feet in diameter; 
the Earth, also a pea, on a circle of 430 feet ; MarB, a rather large 
pin's head, on a circle of 654 feet ; Juno, Ceres, Vesta and Pallas, 
grains of sand, in orbits of from 1000 to 1200 feet ; Jupiter, a mod- 
erate sized orange, in a circle nearly half a mile in diameter ; — 
Saturn, a small orange, on a circle of four fiflhs of a mile in diam- 
eter, and Herschel a full-sized cherry or small plum, upon the cir- 
cumference of a circle more than a mile and a half in diameter. 

" To imitate the motions of the planets in the above mentioned 
orbits. Mercury must describe its own diameter in 41 seconds ; Ve- 
nus in 4 minutes and 14 seconds, the Earth in 7 minutes. Mars in 4 
minutes and 48 seconds, Jupiter in 2 hours 56 minutes, Saturn in 3 
hours 13 minutes, and Herschel 12 hours 16 minutes." 

850. What 18 the diameter or the Sun ? Mercury? Venua? Earth f Manf 
Veataf Juno? Ceres? Pallas? Jupiter? datum? Herschel? The Moon f 
151. What does Fig. 133 represent f What illustration of the comparative tfist 
and distauce of the bodies of the solar system is given f • What is necessary in 
order to imitate the motions of the planets in the above mentioned orbits / 
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8dS. The ecliptic is the apparent path of the sun, or 

the real path of the earth. 

It is called the ecliptic, became every eclipse^ whether of the sun 
or the moon, most be upon it. 

853. The zodiac is a space or belt, 16 degrees broad, 
8 degrees each side of the eclipiic. 

854. It is called the loiime, tnm a Greek word, which signifies 
sit antmaZ, because all the tfara Ip the twelve parts into which the 
ancients 'divided it, were formed Into constellations, and most of 
the twelve constellations were oalled after some animal.* 

The zodiac is divided into twelve "ffiuii eagji sign containing 
thirty degrees of the great eelestial eksle.f Tlift names of these 
siffns are sometimes given in Latiayiml fometimes in English. 
They are as follows ; 

Latin. Ea^hi. LaOib English. 

1 Aries, Th^ Bam. 7 Ubn, The Balance. 

2 Taurus, The Ball. 8 Seonno, The Scorpion. 

3 Gemini, The Twinn 9 SagittarinSy The Archer. 

4 Cancer, The Grab. 10 Caprieoroas, The Goat. 

5 Leo, The Lioo. 11 AquariuS| The Water-bearer. 

6 Virgo, The VirgiB. 18 FMoee, The Fishes. 

855. The orbits of the other planets are inclined to 
that of the earth ; or, in other word», Ibej are not in 
the same plane. 

* Sir J. F. W. HerMdMl, in his exeenetft trteflss da AMMkomy, says : " Un 
coatli figures and outlines of smb snd nomters, ere swially scribbled oT«r 
celestial globes and maps, and terre. In a fads Mid barbarone way, to enable us 
to talk of groups of stara, or diatrieta in the heavensk b^ names which, though ali- 
surd or puerile in their ortgttL, have obtained a c itfiee e j , from which it would be 
difficult, and perhapa wrongs to dislodge flieai. la so Hv as they have really 
(as seme have) any slight reMmblance tothe ilgorea ealM np in imagination by 
a view of the more splendid * eonsMHrtions,* Ihey hsfvs a certain convenience ; 
but as they are otherwise entirely arbitrary, and corre s po n d to no natural sub- 
divisions or groupings of the stars, a str o nom e rs treat tiMm lightly, or altogether 
disregard them, except for MeAj saminj; remarltabie stars ; as * Jfpha Leonitt^ 
^Beta Seorpii,* &c., by letters or tlM Greelt alphabet sftaehed to them. 

**This disregard is neither snptreilioos nor causeless. The constellations seem 
to have l>een almost parposrty named and delineated to cause as much confli- 
slon and inconvenience ss possllrie. Imrinmerable snakes twine through long 
and contorted areas of tlie heavens, wiiere no memory can follow them ; bears, 
lions, and fishes, large and small, nortbem sM southern, confUse all nomencla- 
ture, Am, A Iwtter system of eonslsHacloBs might have been a material help ss 
an artificial memory." 

t Owing to the precession oTtte equinoxes, the stars which were fbrmerly In 
the sign called Aries, are now in the one sailed Taurus, Ac, 



US. What is the ecliptic f Why is It called the ecliptic ? S5S. What is the 
BDdiae f 864. Why is it oalled the sodiac f What are the names of the twehre 
ssDsCeUations ? How many degrees does each sign contain f 855. Are the 
eriiits or the other planets In the same plans with that of the earth f 
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the ofbit of each planet where it cromeff the ecliptio, or, in other 
words, where the white and d^k lioeajn the figure meet, are called 
the nodes of the planet LFrum the Latin nodus f a knot or tie.] 

857. Fi|f. 135 represents a section of the plane of 
the ecliptio, showing the inclination of tlie orbits of 
the planets. As the aodiac extends only eight de> 
frees on each side of the ecliptic, it appears from the 
figure that the orbits of some of the planets are whol- 
ly in the sodiac, while those of others rise abore 
and descend below it. Thus, the orbits of Juno, Ce- 
res, and Pallas rise above, while those of all tlie oth- 
er planets are confined to the zodiac. 

8oi^. When a olanet or heavenly body is in that part 
of its orbit whi(m appears to be near any partienlar 
oonstcUation, it is said to be in that constellation. 
Thus, in Fig. 134, the comet of IGtiO appears to ap- 
proach the sun firooi the constellation Leo. 

869. The perihelion'* and aphelion* of 
a heavenly body express its situation with 
regard to the sun. When a body is nearest 
to the sun, it is said to be in its perihelion. 
When farthest from the sun, it is said to be 
in its aphelion. [Sec note to ^o. 847.] 

The earth is three millions of miles nearer to the 
lun in its pe^elion, than in its aphelion. 

860. The apogee * and perigee ''f of a heav- 
enly body express its situation with regard 
to the earth. When the booy is nearest to 
the earth, it is said to be in its perigee ; 
when it is farthest from the earth, it is said 
to be in its apogee. 

* The plural of Perihelion is Perihelia^ and of Aphelion !• 
Jpkelia. When a planet is «o nearly on h line wiih the earth 
and the sun as to pass between them, il is naid to be in ite infe- 
rior conjunction ; when behind the sun, it is said to be in its 
tuperior conjunction ; but when behind the earth, it is said to 
be in oppoHtion. The words perihelion^ a/ihetion^ apogee and 
perigee^ are derived from the Greek language, and have the 
Ibllowing meaning : 

Perihelion, near the sun. 
A phel ion, /rom the sun. 
Perigee, near the earth. 
Apogee, from the earth. 

856. What does Fig. 134 represent f What are the nodes of a planet f 857 
What does Fig. 135 represent ? 858. When is a planet said to be In any par 
ticular constellation > 859. What do the perihelion and aphelion of a heavenly 
body express f Whun is a body said to be in its perihelion I When is a body 
■aid to be in ils aphelion i How much iienrer is the earth to the sun in its peri- 
helion than its aphelion i Note, When is a planet said lobe in its inferior con- 
junction ' When is it said to be in ils superior conjunction i When is ic said 
to be in opposition f 860. What do the apogee and perigee of a heavenly body 
express ? When is a body said to be in its perigee i When is it said to be la 
lu apogee? 
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861. The (>erihelia of the planets, or parts of their or- 
bits in which they are nearest lo the sun {see fu>ie to Jfo, 
847) are in the following signs of the zodiac : — Merca- 
ry in Sagittarius ^ — Venus in JSquarius, — the Earth ia 
CapricomuSf — Mars in Virgo, — Vesta in Cancer ^-^ 
Juno in Scorpioy — Ceres in Pisces, — Pallas in Aqua- 
rius, — Jupiter in JJhra, — Saturn in Cajpricorwis; — 
and the Georgium Sid us in Sries. * 

862. The axes of the planets in their revolution 
around the sun, are not perpendicular to their orbits, 
nor to the plane of the ecliptic, but are inclined in differ- 
ent degrees. [See ^os, 868 and 871.] 

This ia one of the most remarkable cireomstances in the scienee 
of Astronomy, because it is the cause of the diffifient seasons, spring, 
summer, autumn, and winter; and because it is also the caoflp oi 
the difference in the length of the days ond nights in the di^rent 
parts of the world, and at the different seasons of the year. 

863. The motion of the heavenly bodies is not uni- 
form. Their velocity is different in different parts of 
their orbits. They move with the greatest velocity when 
they are in perihelion, or in that part of their orbit 
which is nearest to the sun ; and slowest when in aphe- 
lion, 

864. It has been proved by Kepler that when a body moves around 
a point to which it is attracted, a line t drawn from the point to the 

* The signn of the Zodiac and the various bodies or the Solar system, are of* 
ten represented in almanacs and astronomical works, by signs or charactov 
In the following list the diaracters of the planets, ice. are repreecnted. 

The Sun. © The Earth. J Ceres. 

(C The Moon. ^ Mars. $ Pallas, 

b Mercury. jfr Vesta. % Jupiter. 

$ Venus. Q Juno. 1^ Saturn. 

y^ Herschel. 

The Ibllowinf characters represent the sigiw of the Zodiae. 
^ Aries. 25 Cancer. ^:^ Libra. Vp Caprieornus. 

y Taurus. SI ^^^- ^ Scorpio. s»r Aquarius, 

a Gemini. TI]^ Virgo. t Sagittarius. >^ Pisces. 

From an inspection of the figure, it ajtpears, that when the earth, as tma firon 
the sun, is in any particular constellation, the sun, as viewed firom tho «^ (K <^U 
appear in the opposite one. 

t This line is called the radiut vector. 



861. In what signis the perihelion of the planet Mercnr>? Venus? B»/»h.> Mars? 
Vesta.'' .luno ? Ceres.'* Pallas.^ Jupiter? Saturn.' Georgium Sidut • .♦62. V^'hat 
is said with reganl to the axes of i lie planets in their revolution >r7*r.d the sun? 
What dpCH this inclination of their nxes cnuse .' 863. What is s»i/ / with regard 
to the motit)n of the heavenly bodies .' When do they move w- 'i the greatest 
Telocity ? When is their motion the nlowest .' 864. What is KMyier^s law .* 



m 

bodj pun* ovM aqual wsm In equal Uidm. Tbii h odkd Ke» 
Wi Uv. 

8G5. niH i t ra l um. la rig. 136, let 8 repnwnl tha Sun, »>d E Um 
Birtb, ud tha ellipn, or iml, be the ctfth'i orbit, di pkth uoii^ 
Mm iud. Bjr liiuw drawn 
ftam Uw aun at a la tiM 
••tar edge of Iba ^nie, 
lln orbit ia diftdM into 
twelve areaa (or paria) of 



■unlitj Mapaoe. Thua, 
Um apacea E 8 A, A 8 B, 
DBF, &e., are all aap> 
Maed la be eqoal. Now 
if the earth, in the apaoa 
of one Dionih, will move 
In its orbit from E to A, 
It will, in another month, 
more ftam A to B, and 
in the third month from 
B to C, dtc., aod tbo^ 
will deicribe (or rather 
more propetlf epeakii^. 
fan bu) equal aieaa ii 
eqnal timea. 



The r 



) why the * 




earUi {at any other heair< 

anijr bod}) moitea with a 

nbiter dej^ree of velocitf in lis perihelion, than in i(> apheliai 

Ukewiae be explained b; the aatne R^ure. Thus,— 

The earth, in its progren from P to L, being conitantty fic' 

filling to the earth,) {.« JVo. I'ii,) move willi iin sccelemU- 
tion. At L, the eon'a attrartion tvoniGs atron^r, on aocoi 
the nearnesa of the eartli ; and, eonsequenliy. in its motion f\ 
to a, the earth will move with greater rapidity. At E, wh 
the perihelion of the earth, it aoquirea its greateit velocitj, I 
now detain it at E, merely to consider the direction of the fori 
which it is aolnated. If the lun'a attmctioii could be destroy* 
force which haa carried it from L to E, would carry it off 
dotted line from E to Q, which i> a tangent tn iu orbit. 
the earth baa thta tendency to move towards G, the sun's attractior 
la eontinaall; operatins with a tendency tn carry it to 9. Now, 
when a body is actuated by two forcea, (im Jfo. 153,) it will moTt 
between them', but as the aiin'i attraction ia constantly exerted, 
the direction ofthe earth's motion will not be in a straight line, tha 
^agonal of out large parallelogram, bat through the diagonal of a 
Samber of inSnilel/ small paratlelognuns i which, being united 
ferin the carTe line B A. 
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It is (hiia seen, that, while the earth is movingf from L to E, tbv 
Attraction of the sun is stronger than in any otner part of its orbit, 
tnd will cause the earth to move rapidly. But in its motion from 
E to A, from A to B, from B to C, and from C to F, the attractioii 
of tlie sun, operating in an opposite direction, will cause its motion 
from the sun to be retarded, until, at F, the direction of its motion ii 
reversed, and it begins again to approach the sun. Thus, it appeara 
that, in its passage from the perihelion to the aphelion, the motion 
of Uie earth, as well as that of all the heavenly bodies, must be con- 
stantly retarded ; while, in moving from their aphelion to perihelion, 
it i« constantly accelerated ; and at their perihelion, tlieir velocity 
will be the greatest. The earth, therefore, is about seven days 
longer in performing the aphelion part of its orbit, than in travers- 
ing the perihelion part; and the revolution of all the other plinets 
being the result of the same cause, is afiected in the same manner 
as that of the earth. 

866. The earth is about three millions of miles nearer 
to the sun in winter than in summer. 

807. The heat of summer, therefore, cannot be caused by the 
near approach of the earth to the sun. 

Snow and ice never melt on the tops of high mountains ; and 
they who have ascended in the atmosphere, in balloons, have found 
tliat tiie cold increases as they rise. 

868. On account of the inclination of the earth's 
axis, (see JVb. 862,) the rays of the sun fall more or less 
obliquely on different parts of the earth's surface, at dif- 
ferent seasofis of the year. The heat is always the 
greatest when the sun's rays fall vertically^ that is, per- 
pendicularly ; and the more obliquely they fall, the less 
heat they appear to possess. 

This is the reason why the days are hottest in summer, allhougb 
the earth is farther from the sun at that time. 

8(39. fllustration. Fig. 137 lepresents tlie manner in which the 
rays of the sun fall upon the earth in summer and in winter. Tlie 
north pole of the earth, otall seasons, constantly points to the noith 
star N ; and when the earth is nearest to the sun, the rays from the 
sun fall as indicated by W, in the figure; and ns their direction is 
very oblique, and they have a larger portion of tlie atmosphere to 
traverse, much of their power is lost. Hence we have cof.d weather 
when the earth is nearest to the sun. iBut when the earth is in aphe> 
lion, the rays fall almost vertically, or perpendicularly, as repre- 

What is Raid of the motion of the heavenly bodies from perihelion to aphe* 
lion f What is their motion from aplielion to perihelion ? When is (heir 
velocity the greatest f How much longer ia the earth in performing (he apb^ 
lion part of iu orbit thun the perihelion part.' 806. How much nearer lit the 
earth to the sun in winter than in summer? 808, What follows from the incli- 
nation of the earth's axis, with regard to the direction of the sun's ravs? 
AThen is the heat always the greatest? What is said of obiiq^ue rays ? What 
ia the reason that the heat ia greater ia summer than in wluter ? 869. lUw. 
trate this by Fig. 137. 
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wMrd br 8, in tin fitfore ; and, ajllioogh Uie earUi U Ihen oearl* 
One millianxif DulMlirtlMt from the mn, the fant ii giealed, ba- 




Uw imye fill mora diraetlj, and have a len portion of the. 

I, we find, even in rammer, that earlj in 
ing, ud late in Ibe aflernoon, it ia mncli cooler Ihan at 
noon, becaow tbe aun tiien ahinei more obliquely. The heat \m 
generally the sieitPBt at about three a'clocL in Ilie allernoan ; be- 
cauH: the e«th retaim its heaffor aoine lenilh of lime, and the ad- 
ditional beat it ia conslantly receiving from the >un, cautes on 
elcTation of- temperature, even after the rays begin to fall moio 
obhqnely. 

It ia the lame cause which occaaions (he variety at climnteJn 
different parta of the earth. The eun alwoya shines in a direclian 
nearly perpendicular, or veitical, oii the equator ; and with difietenl 
degree* of obliquity on tbe other parts of the earth. Fur this reason, 
the greateat degree of lieat prevails a[ the equator during the whole 
year, llie fa^er any place is situated Trom the eoustor, tb« 
.more obliquely will the rays fall, at difierent seajonsorthe year; 
•nd, CDCUeqnently, the itrealer will bo ilie difference in the lem- 
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871. If tbo sxU of Lhe etrtJi were 
uti of the earth which lie nnder t 
ipoaile Ut the si 



Spoaile to the sui 
nei of lhe frar, 
both polea, "" '■"- '" 



perfecl 



the light and 1 
nity towarda each i 
ay and night would 
1 would beDftheaai 



lo those pli 



Hlld 

iially d. 



>rbit,tbMi 
would, Bt aD 



iceiequa ^ .. ._ 

would be diapencid will 

: we ihould have no vaiie^ 

of lhe mue lengtli ; and lhe 

iDtenvtj ereiy day thniuglwat 



of aei 
beat of the 

Sfi It is. therefore, u hna been alated, owing lo tbe incliiHllCB 
of lhe earth's ails, thai we have the agieeable variety of the nk- 
tons, days and nights afdigprent lengtSs, and that mm^ cHend 
variety of climate, which causes so mal a TBTiely of proJBctiowi^ 
and which has afforded so powerfiil a alimaliu to hamui ia- 
dnslry.* 

873. In order lo understand the tUiutratuK of the caaan at Ibt 
nasoni, ilbc., it is necessarji lo have ome knowledge of the oinifaa 
which are drawn on the srtlScial repieaenulions oflhe Mrlb. It li 
to he rememhertd that all of theie circtes an wholly imafinary; 
that is, that ttiere is an the earth itself no sneh oirclea or line*. 
Thej are drawn on maps merely for tha pnrpoM of illnatrvtioD. 

B74. Fig. 13a represents the earth. TJ n l. n— — J. ~- i.~gl~— 
line, around which it dail)' turns ; N ia Iba norlli pule, 8 ta Iha nvtk 
pole. Then poles, it will he seen, 
are the eilremitics of the aiia, N 9. VH- IN. 

C D representa the equator, which 






earth, at 



K to S, are meridians. They 
■II circles surrounding the earth, 
and passing through the poles. — 
These nieridiana may be multiplied 
at pleasure. 

The hoes E F, I K, L M, 
G H, are deniened to represent 
ctea, all of Diem narajli ~ 
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But In the figure, theee lines, which are parallel to the eqaator, 
■nd which are at a certain distance from it, nave a different name, 
derived firom the manner in which the sun*s rays fall on the sarface 
tf the earth. 

Thus the circle I K, 23} demes from the equator, is called fhm 
tnpic of Cancer,* and the circle L M is called the trome of Capri- 
eom. The circle £ F is called the Arctic Circle, ft represent* 
the hmlt of perpetual day, when it is summer in the northern hen»> 
iiphere, and of perpetual night when it is winter. 

The circle 6 H is the Antarctic Circle, and represents the limit 
of perpetual day and night in the southern hemisphere. The line 
L^, represents the circle of the ecliptic, which, (as has already 
been stated in No. 852.) is the apparent path of the sun, or the real 
path of the earth. This circle, although it is generally drawn on 
the terrestrial globe, is, in reality, a circle in the heavens ; and dif* 
fers from the zodiac only in its width, — the zodiac extending eight 
degrees on each side of the ecliptic. [See JVo. 852.] 

StS. Fig. 139 represents the manner in which the sun shines on 

Fig. 1S8. 




* Ttas OB the Slst of March, tho raya of the snii Ihll Tertcially on the sfi ^ 

Why it the circle I K called the tropic of Cancer .' What is tlie meaning • i 
llM word tropic ? Wliy is tlie circle L M called ttie tropic of Capricorr 
What are the tropics i What is the circie E F called ? What does it renr- 
sent f What is the circle G H called ? What does it represent > What do . 
Vtg. 139 represent f Explain the figure. 

16* 
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the etrth in different parte of ite orbit; or, in other words, the 
esuae of the change in the seasons. S repreaente the sun, and the 
dotted oval, or ellipse, A B C D, the orbit of the earth. The outer 
circle represents the zodiac, with the position of the twelte ^fpu or 
constellations. On the 21st of Jane, when the earth is at D, the 
whole northern polar region is continuall? in the' light of the son. 
As it turns on ite axis, therefore, it will be day to all the parte 
which are exposed to the li^ht of the sun.* But, as the whole of 
the Antarctic Circle is within the line of perpetual darknees, the 
sun can shine on no part of it. It will, therefore, be oonsUnt night 
to all places within that circle. As the whole of the Arctic Circle 
18 within the line of perpetual light, no part of that circle will 
be turned from the sun while the earth turns on ite axis. To 
aU places, therefore, within the Arctic Circle, it will be constant 
4ajr. 

On the S^d of September, when the earth is at C, ite axis is nei* 
ther inclined to, nor from the sun, but is sideways; and, of oounwi 
while one half of the earth, from pole to pole, is enlightened, 
the other half is in darkness, as would be the case if ite axis 
were perpendicular to the plane of ite orbit ; and it is this which 
«auses the days and nighte, of this season of the year, to be of equal 
length. 

On the 23d of December, the earth has progressed in ite orbit to 
B, which causes the whole space within the noithern polar circle to 
be continually in darkness, and more of that part of the earth north 
of the equator to be in the shade than in the light of the sun. 
Hence, on the 21st of December, at all places north of the equator, 
the days are shorter than the nighte, ana at all places south of the 

tor, and on each succeeding day on placet a little to the north, until the 2lst of 
4une, when they fHlI vertically on places 23^ degrees north of the equator. 
Their vertical direction then turns back again towards the equator, where 
the rays again Tall vertically on the 23d of September, and on the succeedii^ 
days a little to the south, until the 2Ist of December, when they fall verti 
«Blly on places 23^ south of the equator. Their vertical direction then i^ain 
turns toward the equator. Hence the circles I K and L M are called the 
tropics of Cancer and Capricorn. The word tropic is derived from a vrord 
which signifies to turn. The tropica, therefore, are the boundaries of the sun's 
apparent path north and south of the equator, or the lines at which the sun 
turns back. 

* Day and night are caused by the rotation of the earth on tis aids every 24 
hours. It is day to that side of the earth which Is towards the sun, and night to 
the opposite side. The length of the days is in proportion to the inclination of 
the axis of the earth towards the sun. It may be seen by the above figure^ that 
in summer, the axis is most inclined towards the sun, and then the days are the 
longest. As the North pole becomes less inclined, the days shorten, till, on the 
21st December, it is in<;|lned 23J*> from the sun, when the days are the short- 
est. Thus, as the earth progresses in its orbit, aller the days are the shortest, It 
changes its inclination toward the Sun, till it is again Inclined as in the lon^sC 
days in the summer. 



lE.xplatn, by the figure, the situation of the earth on the 21st of June. What 
causes day and night ? To what part of the earth Is it day ? To what part it 
it night ? To what is the length of the day in proportion ? When are the days 
the longest ? Why .' When are they the shortest ? Why f E.xplain by tM 
•gure the situation of the earth on the 22d of September. On the 23d of De- 
cember. 
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efntrar, the daji ars longer than the nights. Henoe, ibo, wHhiii 
the Aretie Circle it is aomtermpted ni^ht, tlie aan not ahining at 
all ; and within the Antarctic Circle it is uninterrupted day, the 
son shining all the time. 

On the 2(Hh of March, the earth has advanced still further, and is 
at A, which causes its axis, and the length of the days and nights 
to be the same as on the 26th of September/ 

876. From the explanation of figure 139. it appears that there are 
two parts of its orbit in which the days and ni^pts are equal all over 
the earth. These points are in the sign cf Anes and Libra, which 
ire therefore called the equinoxes. Aries is the Ternal'(or spring) 
equinox, and Libra the autumnal equinox. 

877. There are also two other points called solstices, because tht 
sun appears to stand at the same height in the heavens, in the mid- 
dle oiwe day, for several days. These points are in the signs Can- 
eer and Capricorn. Cancer is called the summer solstice, and Cap- 
ricorn the winter solstice. 

878. The san is a spherical body, situated near the 
ceotr^ of gravity, of the system of planets of which our 
earth is one. 

879. Its diameter is 877,547 English miles ; which is equal to 100 
diameters of the earth; and, therefore, his cubic magnitude must 
exceed that of the eaithone million of times. It revolves around its 
axis in 25 days and 10 hours. This has been ascertained by means 
of several dark spots which have been seen with telescopes on its 
surface. 

* As the diflTereoce in the length of the days and the nights, and the change of 
the seaHons, &c. on the earth, is caused by the inclination of the earth*s axis, it 
Ibilows that all the planets, whose axes are inclined, must experience the same 
vicissitude ; and that it must be in proportion to the degree of ihe inclination 
tk their axes. As the axis of the planet Jupiter is nearly perpendicular to its 
orbit, it follows that there can be little variation in the length of tiM days, and 
Utile change in the seasons of that planet. 

There can be little doubt that the sun, the planets, stars, ice. are all of them 
Inhabited ; and although it moy be thouglit that some of them, on account of 
their immense distance from the sun, experience a great want oflight and heat, 
while others are so near, and the heal, consequently, so great that water caa- 
not remaiMpn them in a fluid state, yet, as we see, even on our own earth, thai 
creatures of different nature live in diffbrent elements, as, for instance, Ashes in 
water, animals in air, 6s.c. creative wisdom could, undoubtedly, adapt the being 
to its situation, and ^ith as little exertion of power, form a race whose nature 
should be adapted to the nearest, or the most remote of the heavenly bodies, as 
was required to adapt the fowls to the air, or the fishes to the sea. 



On the 20th of March. What follows from the changes on the earth, caused 
by the inclination of the earth^s axis ? In what proportion are these changes i 
What Is said of the axis of the planet Jupiter i Is is supposed that the son, 
ptanets and stars are inhabited i What is shown by Fig. ISO f Where are 
these points .' What are they called ? Which is the vernal equinox i Whicli 
the autumnal ? What other two points are there ? Why are they called sol- 
stices i Where are these points * Which is the summer solstice? Which the 
winter f 878. What is said of the sun i What is its diameter ? How much 
does its cubic magnitude exceed that of the earth ? How long is it in perlbrm- 
fang its revolution around its axis ? How has this been ascertained i 



{ 
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880. Dr. Herschel tappofled the greater nouber of spot* on tiN 
■an to be moantains ; some of which he estimated to be 300 milef 
in height , 

881. It is probable that the son, like all the other heavenly bod- 
ies fezcepting perhaps comets) is inhabited by beings whose nature 
is adapted to their peculiar circumstances. 

882. Although, by some, the sun is supposed to be an immense 
ball of fire, on account of the efiects produced at the distance of 
Binetv-five millions of miles, yet many facts show that heat is pro- 
duc^o by the sun's rays, only when they act on a suitable medium. 
Thus, snow and ice remain during tlie year, on the tops of the 
highest mountains, even in climates where the cold of our winten 
b never known. 

883. The zodiacal liffht is a singular phenomenon, accompanying 
the sun. It is a fainl light which often appears to stream up from 
the sun a little afler sunset and before sunrise. It appears nearly itk 
the form of a cone, its sides being somewhat curved, and generally 
but ill defined. It extends often from 50^ to 100^ in the neavens, 
and always nearly in the direction of the plane of the ecliptic. It is 
most distinct about the lieginning of March ; but is constantly visi- 
ble in the torrid zone. The cause of this phenomenon is not 
known. 

884. In almanacs, the sun is usually represented by a small eii^ 
ele, with the face of a man in it, thus : @ 

885. Mercury is the- nearest planet to the sun, and is 
seldom seen ; because his vicinity to the sun occasions 
his being lost in the brilliancy of the sun's rays. 

886. The heat of this planet is so great that water cannot elist 
there, except in a state of vapor ; and metals would be melted. The 
intenseness of the sun's heat, which is in the same proportion as its 
light, is seven times greater in Mercury than on the earth ; so that 
water there would be carried off in the shape of steam ; for, by ez- 
perimeots made with a thermometer, it appears that a heat seven 
times greater than that of the sun's beams in summer, will make 
water noil. j|k' 

887. Mercury, although in appearance only a small star, emits • 
bright white light, by which it may be recognir^d when seen. It 
appears a little before the sun rises, and again a little after sunset| 
but as its angular distance from the sun never exceeds 23 degrees, 
it is never to be seen longer thari one hour and fifly minutes after 
sunset ; nor longer than that time before the sun rises. 



880. What did Dr. Herschel aoppose these spots to be f 883. What is ths 
Zodiacal light f Ai what time is it most distinct P Where is it constantly 
visible f 885. What planet is nearest to the sun f Why is it seldom areo r 
Whut is said of the hertt of this planet f How much greater is the snu*s heat 
In Mercury than on i lie earth f In what form does water exist in Mercury f 
How can Mercury be recognized wheu «««»? At what time does it ap- 
pear f 
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888. When viewed through a good telescope, Mercury appeturi 
with all the various phaaes, or inciease and decrease of fight with 
which we view the moon ; except that it never appears quite full, 
because its enlightened side iS' turned directly towards the earth, 
only when the planet is so near the sun as to be lost to our sight 
in its beams. Like that of the moon, the crescent or enlightene4 
n^ of Mercury is always toward the sun. As no spots are com* 
monly visible on the disk, the time of its rotation on its axis is «»> 
known. 

889. Venus,* the second planet in order from the sun, 
is the nearest to the earth, and on that account appears 
to be the largest and most beautiful of all the planets. 
During a part of the year it rises before the sun, and it 
is then called the morning star ; during another part of 
the year it rises after the sun, and it is then called the 
evening star. The heat and light at Venus are nearly 
double what they are at the earth. 

890. Venus, like Mercurv, presents to us all the appearances of 
increase and decrease of light common to the moon. Spots are also 
sometimes seen on its sunaoe, like those on the sun. Ay reason of 
the great brilliancy of this planet, it may sometimes be seen even ia 
the day time, by the naked ovct But it is never seen late at night 
because its angular distance m>m the sun never exceeds 45 degreeii 
In the absence of the moon it will cast a shadow behind an opaqoe 
body. • 

891. Both Mercury and Venus sometimes pass directly between 
the sun and the earth. As their illuminated surface is toward the 
sun, their dark side is presented to the earth, and they appear like 
dark spots on the sun's disk. This is called the transit of these 
planets. 

892. The earth is the next planet, in the solar sys- 
tem, to Venus. It is not a perfect sphere, but its figure 



• Bv the ancient poeta, Venua was called Photpkor, or Lue^tr^ whan it an 
eared to^ west of the sun, at which time it is mominf star, and uriMrs m 
tee light oFmy ; and Hesperu* or VeapfTy when eastward on tiie son, or eveamf 



• By 

pcared 

the' 

star. 

t The reason why we cannot see the stars and planets In the day thne, Ib. 
that thehr light is so fkint, compared with the light (^ the son rellaetsd by oar 
atoKNiphere. 

888. How does Mercury appear when viewed through a telescope? 8ilL 
What planet is nearest to the earth t When is Venus called the mors* 
ing star ? When is it called the evening star ? How mudi greater are tha 
heat and light at Venus than that at the earth f What name wia given by 
the ancient poets, to Venus, when mdraing star f What, when evening alar f 
Whit is the greatest distance at which the- planets. Mercury and Venua, can 
•ver appear m>m the sun ? What b meant by ttie transit of these 
planets r What is said of Uie dUlhrent appearances which Venus p r ese n ts I 
why can we not see ihe planeU and stars in the day time ? 882. What plaMi 
is next to Venus f VIThat is the form of the earth ? 
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18 that of an oblate spheroid^ the equatorial diameter be- 
ing about 34 miles longer than its polar diameter. 

8^. It is attended bv one moon, the diameter of which is aboat 
two thonsand miles. Its mean distance from the earth is aboot 
910,000 miles, and it turns on its axis in precisely the same time 
that it performs its revolution round the eaAh ; namely, in 29 days 
and a half. 

894. The earth, when viewed from the moon, exhibits 
precisely the same phases that the moon does to usf but 
m opposite order. When the moon is full to us, the 
earth will be dark to the inhabitants of the moon ; and 
when the moon is dark to us, the earth will be full to 
them. The earth appears to them about 13 times larger 
than the moon does to us. As the moon, however, 
always presents nearly the same side to the earth, there 
is one half of the moon which we never see, and which 
cannot see the earth. 

895. If ext to the earth is the planet Mars. It is con- 
spicuous for its fiery red appearance ; which is supposed 
to be caused by a very dense atmosphere. 

When this planet approaches any of the fixed stars, they change 
their color, grow dim, and oflen become totally invisible. This is 
supposed to he caused by his atmosphere. The de^e of heat and 
light at Mars is less than half of that received by the earth. 

806. The four small planets or asteroids, Vesta, Juno, Ceres and 
Pallas, have all been discovered within the present century. Vesta 
was discovered by Dr. Olbers, of Bremen, in 1807. Its light is pure 
and white. Juno, by Mr. Harding, near Bremen, in 1804. Its 
color is red, and its atmosphere appears cloudy. Pallas was dis- 
covered by Dr. Olbers in 181)2. It appears to have a dense, cloudy 
atmosphere. Ceres was discovered at Palermo, in Sicily, by Piazzi, 
in IdOl. It is of a ruddy color. All of these small planets undergo 
various changes in appearance and size, so that their real magni* 
tude is not ascertained yvith any certainty , and but littl^is known 
of them.* 

* It is a remarkable fact, that certain irregularities, observed in the motfooi 
of tlie olil planets, induced some astrnnnmeni to sappose that a planet existed 

How much larger is its equatorial diameter than iu polar > 893. How many 
moons has the earth f Wliat is the diameter of the moon ? What is Iu distance 
from the earth f What is the length of a day at the moon ? How long is it is 
peHbrming lis revolution around the earth ? 894. What phases does the earth, 
when viewed from the mocui, exhibit ? How much Iarj;er dons the earth appear 
than the moon f 896. What planet is next to the earth f What renders It con- 
spicuous f What is supposed to cause this appearance f How much more light 
and heat does the earth enjoy than Mars ? 896- When were the aKternids dis- 
covered f By whom, and in what year was Vesta uiscovered ? What is the 
color of its light ? By whom and when was Juno discovered f Whit is the 
color of iu light ? When watt Pallas discovered ? By whom * What is said of 
its atmosphere .' When and by whom was Ceres discovered : What is its color.' 
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897. Jupiter is the largest planet of the solar system, 
ind it Is the most brilliant, except Venus. The heat 
ind light at Jupiter is about 2d times less than that at 
the earth. This planet is attended by four moons, or 
satellites ; the shadows of some of which are occasion- 
ally visible upon his surface. 

S9b, The distance of those satellites fVom the planet are two, four, 
six and twelve hundred thousand miles, nearly. 

The nearest revolves around the planet in less than two days ; 
the next in l^ss than (bur days; the third in less than eight days; 
and the fourth in ahout sixteen days. 

899. These four moons must afford considerable light to the in- 
habitants of the planet; for the nearest appears to them four times 
the size of our moon ; the second about the same size ; the third 
somewhat less, and the fourth about one third the diameter of our 
moon. 

900. As the axis of Jupiter is nearly perpendicular to its orbit, it 
has no sensible change of seasons. 

901. The satellites of Jupiter often pass behind the body of the 
planet, and also into its shadow, and are eclipsed. These eclipaet 
are of use in ascertaining the longitude of places on the earth. By 
these eclipses also, it has been ascertained that light is about o 
minutes in coming from the sun to the earth. For, an eclipse of 
one of these satellites appears to us to take place 16 minutes sooner, 
when the earth Js in that part of its orbit nearest Jupiter, than when 
in the part faithest from tliat planet. Hence, light is sixteen min- 
utes in crossing the earth's oibit, and, of course, half of that time, 
or 8 minutes, in coming from the sun lo the earih. 

902. When viewed through a telescope, several belts or bands 
are distinctly seen, sometimes extending across his disk, and some- 
times interrupted and broken. They differ in distance, position, 
and number. They are generally dark ; but white ones have been 
seen. 

903. On account of the immense distance of Jupiter from the sun, 

between the orbits of Mars and Jnpitrr ; a sapposition that arose long previoiM 
to the (liMCOvery of the four new plnnets just noticed. The opinion has lieen 
•d%iinc«tl, that these four small bodies originally composed one larger one, 
which, by some onknown force or convulsion, burst asunder. , This opinion is 
maintained with much ingenuity and plausibility by Dr. Brewster, in the Edin- 
bargli Encyclopedia, Art. Astronomy. Dr. Brewster further supposes, that 
the bursting of this planet may have occasioned the phenomena of the meteoric 
stones ; that is, stones which have fallen on the eurth fhom the atmosphere. 

\Vb«t is said in the note with regard to these planets ? 897. Wlilch of ths 
frfaiiets is the lan^est f How much more light and heat does the earth enjoy 

any moons has this i)lanet.^ 898. What is the distance 



Jupiter? IJow many 
of these moons fhom the pfainet } In what time do they perforin iheir revolu- 
tions around the planet f How does the size of these mouns compare with that 
of ours f 900. Why has Jupiter no sensible variety of seasons ! 901. Of what 
^ae are the eclipses of Jupiter's moons t How long is light in coming ti'om the 
san t > the earth ? How has this been ascenaiued f How docs Jupiter appear 
wiMa viewed through a telescope .' 
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and alio flrom Mercury, YeoiiB, the Earth and Mara, obaenren on 
Jupiter, with eyes like ours, can never see eitlier of the aboTe; 
named planets, because they would always be immersed in the san^ 
lays. 

904. Saturn is the second in size and the last but one 
in distance from the sun. The degree of heat and 
light at this planet is eighty times less than that at the 
earth. 

905. Saturn is distingruisbed from the other planets by hw^ 
encompassed by two large luminous rings, one exactly without or 
beyond the other. They reflect the sun's light in the same manner 
as his moons. They are entirely detached from each other and 
fiom the body of the planet Thiey turn on the same axis with the 
planet, and in nearly the same time* The edge of these rings m 
Gonstantly at right angles with the axis of the planet. Stars are 
■ometimes seen oetween the rings, and also between the inner ring 
fuid the body of the planet. The breadth of the two rings is about 
the same as their distance from the planet, namely, 21,000 miles. 
As they cast shadows on the plane^ Dr. Uerschel thinks them 
■olid. 

906. The surface of Saturn is sometimes divendBed, like that of 
Jupiter, with spots and belts. Saturn has seven satellites, or moons, 
rev<dving around him at different distances and in various timeS| 
fifom less than one to eighty days. 

907. Saturn may be known by his pale and sti^dy light The 
•even moons of Saturn, except one, revolve at different distances 
around the outer edge of bis rings. Dr. Herschel saw them moving 
along it, like bright beads on a white string. They do not o(\en 
suffer eclipse by passing into the shadow of the planet, because the 
ring is generally in an oblique direction. 

908. Herschel, the third in size, is the most remote 
of all the planets. It is scarcely visible to the naked 
eye. The light and heat at Herschel are about 360 
times less than that at the earth. 

909. This planet was formerly considered a small ^ star; but Dr. 
Herschel, in 1781, discovered, from its motion, that it is a planet 
He modestly gave it the name of Gcorgium Sid us, or the GeorgiuiB 

* Hiese rings more together arounH the planet, but are about thirtttm miif 
utes longer iu perfbrming their revolution about him, than Saturn ie in revo.*v- 
lag about his axis. 

904. IIow does Saturn compaM in size with the other planets ! 935. How is 
Batum distinguished rrom the other planets f What in snid of these rinj;;s .' IIow 
much longer are these rin^s in perlbrmiiig their revoluiioii around the planet thaa 
the planet is in pertbrrning its revolution on lis a^is.' What is the breadth 
of these rings f 906. What is said of the surface of Saturn .' IIow nianv nioom 
has Saturn f 907. Ilnw may Saturn be known f What is said of the miKini 
of 8aturu ? Why are they not often eclipited ? 908. Ifow does Herschel com- 
pare in size with the other planets t IIow does the light and hfut hi llenchel 
compare with that of the earth f 909. By whom was thi» '^'''uet discovered f 
What name did he give it I 
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•Ur, in honor of his king, George the Third. On the continent of 
Europe it is called Uranus. 

9101 Herschel is attended by six moons, or satellites, all of which 
were discovered by Dr. Herschel; and all of them revolve in orbits 
aeariy perpendicular to that of ihe planet. Their motion is appar* 
aUlif retrograde ; but this is probably an optical illusion, arising 
fioin the difficulty of ascertaining which part of their orbit inclines 
towards the earth, and which declines from it * 

911. tt IS a singular circumstance, that, before the discovery of 
Herschel, some disturbances and deviations were observed by as- 
tronomers in the motions of Jupiter and Saturn, which they could 
account for only on the supposition that these two planets were 
influenced by the attraction of some more remote and undiscovered 
planet. The discovery of Herschel couipietely verified their opin« 
ions, and shows the extreme nicety with which astronomers observe 
the motions of planets. 

912. The word comet is derived from a Greek word, 
which means hair; and this name is given to a numer- 
ous class of bodies, which occasionally visit, and appear 
to belong to the solar system . These bodies seem to 
consist of a nucleus, attended with a lucid haze, some^ 
times resembling flowing hair ; from whence the name 
is derived. Some comets seem to consist wholly of this 
hazy or hairy appearance, which is frequently called 
the tail of the comet. 

913. In ancient times, the appearance of comets was regarded 
with superstitious fear, in the belief that they were the forerunners 
of HOine direful calamity. These fears have now been^ banished^ 
and the comet is viewed as a constituent member of the sys- 

* It appears to be a general law of satellites, or moons, that thfy turn on 
their axes in the name lime in which they revolve around their frimaritn. On 
Ibis account, the inhabitants of secondary planets olvserve some sinirular npiwar- 
ances. which the inhabitants of primary planets do not. Those who dwell oa 
the side of a secondary planet next to the primary, will always see that prim». 
ry ; while those who live on the opposite side will never Sfe it. Those who 
always see the primary, will see it constantly in very nearly the same place. 
For exampl*^, those who dwell near the edge of the moon's disk, will always 
see the earth near the horizun, and those in or near the centre, will always see 
It directly or nearly over head. Those who dwell in the moon*s south limb, 
will see the earth to the northward -, those in the north limb will see it to ihe 
southward ; those in the east limb will see it to the westward; while those In 
the west limb will see it to the eastward ; and all will see it nearer the horixoa 
in proportion to their own distance from the centre of the moon*s disk. Similar 
appearances are exhibited to the inhabitants of all secondary planets. 

- 

910. Movv many moons hat Herschel? By whom were they discovered f* 
IIow are their orbits situated, with regard to that of the planet i What is said 
of their motion .' Plote. What appears to be a general law of satellites .' What 
follows from this with regard to the af rearances which the inhabitants of the 
aecoiHlary planets must otiservef 912. What is the meauliic of the word 
•oinet .' To what class of bodies ia this name given f Of what do these bodies 
■ppear to consist f 

17 
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tern, goYemed by the same barmonioas and nnchanging lawn whrnli 
legulate and control all the other heavenly bodies.* 

914. Comets, in moving, describe long narrow ovals. Tbey iq»- 
proach very near the sun m one of the narrow ends of these ovals; 
and when a comet is in the other, or opposite end of its orbit, iti 
distance from the sun is immensely great. 

1)15. The extreme nearness of approach to the son gives to the 
comet, when in perihelion, a swiftness of motion prodigiously great. 
Newton calculated the velocity of the comet of 1(580 to be 8d0,<)00 
miles an hour. This comet was remarkable for its near approach to 
the sun, being no further than 580,000 miles from it, which is but 
little more than half the 8un*s diameter. Brydone calculated that 
the velocity of a comet, which he observed at Palermo, in 1770, 
was at the rate of two millions and a half of miles in an hour. 
V 916. The luminous stream, or tail, of a comet, follows it as it 
approaches tlie sun, and goes before it when the comet recedes 
from the »un. Newton, and some otiier astronomers, considered 
the tails of comets to be vapors, produced by the excessive heat of 
the sun. Of whatever substance they may be, it ier certain that H 
is very rare^ because the stars may be distinctly seen through it 

917. The tails of comets differ very greatly in length, and some 
are attended apparently by only a small cloudy light, while the 
length of the tail of others has been estimated at from 50 to 80 
millions of miles, t 

* Tbe number of comets that have occasionally appeared within the limiti 
of the solar system is variously stated, Ooni 350 to 500. The paths or orbits of 
about 98 of these have been calculated from observation of the times at which 
they most nearly approached the sun ; their distance from it, and from the 
earth, at those times ; the direction of their movements, whether from east to 
west, or from west to east-, and the places in the starry sphere at which their 
orbits crossed that of the earth, and their inclination to it. The result is, that, 
of these 98, 24 passed between the Sun and Mercury, 33 passed between Mer- 
cury and Venus, 21 between Venus and the Earth, 16 between the earth and 
Mars, 3 between Mars and Ceres, and 1 between Ceres and Jupiter; thnt 50 of 
these eomets moved from east to west; that their orbits were inclined at 
every possible angle to thnt of (he earih. The greater part of them ascended 
above the orbit of ihe earth, when very near the sun *, and some were observed 
to dash down from the upper regions of space, and, after turning round the sun, 
to mount again. 

f It has been argued that comets consist of very little solid substance, be- 
cause, although they sometimes approach very near to the other heavenly 
bodies, they appear to exert no sensible attractive force npon those b«Mfies. It 
is sai^ that, in 1454, the moon was eclipsed by a comet. The comet miut, 
therefore, have been very near the earth ; (less than 240,000 miles;) yet it pro- 
duced no sensible eflTect on the earth or the moon ; for it did not cause them to 
make any perceptible deviation from their accustomed paths round the sun. 
It has beeen ascertained that comets are disturbed by the gravftating power of 
the pranets> but it does not appear that the planets are in like manner afibcted 
by comets. 

Note. What is the number ef comets that have occasionally appeared f 
What discoveries have been made concerning 98 of them ? What is the result ? 
914. What is the form of the orbits of comets.^ 916. What is said of the mo- 
tion of comets when in perihelion ? What did Newton calculate the velocity 
of the comet in 1680 to be in an hour ? For wfiut was this comet remarkable? 
916. What is said of the luminous stream of a comet as it approaches and re 
cedes from the sun .? What did Newton, and some other astronomers, consider 
Ike tails uf comets to be f What is said in the note with regard to comeu I 
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918. The stars are classed into six magnitudes : the 
largest are of the first magnitude, and the smallest that 
can be seen by the naked eye, are of the sixth. Those 
stars which can be seen only by means of telescopes, 
are called telescopic stars. 

919. The distance of the fixed stars cannot be determined, be- 
cause we have no means of aseertainingr the distance of any body 
which e'xceeds 200 thousand times that of the earth from the sun 
As none of the stars come within that limit, we cannot deteimine 
their real distance. It is generally supposed that a part, if not all, 
of the difference in their apparent magnitudes is owing to the difier- 
ence in their distance, the smallest being farthest off.* 

920. Although tlie stars generally appi>nr fixed, they all have 
motion ; but their distance being so immensely great, a rapid motion 
would not perceptibly change their relative situation in two or three 
thousand years. Some have been noticed alternately to appear and 
disappear : several that were mentioned by ancient astronomers, are 
not now to be seen ; and some are now observed, which were un- 
known to the ancients. 

921. Many stars which appear single to the naked eye, when 
viewed through powerful telescopes, appear double, treble, and even 
quadruple. Some are subject to variation in their apparent magni- 
tade ; at one time bein^ of the second, or third, and, at another, of 
the fifth. or sixth magnitude. 

922. The Galaxy, or Milky Way, is the name given to a 
remarkably light broad zone, visible in the heavens, pass- 
ing from north-east to south-west. It is supposed to con- 
Many coinets escape observation, because they traverse that part of the 
heavens only which is above the horizon in the day time. They are, therefore, 
lost in the brilliancy of the sun, and can be seen only when a lotcU eclipse of the 
sun takes place. Seneca, 60 years before the Christian era, states that a large 
comet was actnally observed very near the sun, during nn eclipse. 

Dr. Halley and Professor Encit'e and Biela are the first astronomers that ever 
■accessflilly predicted the return of a comet. The periodical time of Hulley's 
comet is about 76 years. It appeared last in the fall of 1 8S6 : that of Encke Is 
about 1200 days; that of Biela about 8} years. This last comet appeared in 
1832 : its next appearance will be In 1838. 

The cdinet of 1758, the return of which was predicted by Dr. Halley, was 
regarded with (n^at interest by astronomers, because its return was pre- 
dieted. But four revolutions before, in 1456, it was looked upon with the 
almost horror. Its long tail spread eonsternation over all Europe, already ter- 
riiSed by the rapid success of the Turkish arms. Pope Callixtus, on this occa* 
sion, ordered a prayer, in which both the comet and the Turks were included in 
<Mie aDathema. 

* The distance of the stars, according to Sir J. Ilerschel, cannot be so small 
as 19,200,000,000,000. How much larger it may be we know not. 

Who were the first astronomers that successfiilly predicte^i the return of a 
comet.' What is the periodical time of Halley *s comet.' OfEncke's? Of 
Biela^t? 918. Into how many magnitudes are the stars classed ? Of what 
magnitude are the largest .' Of what are the smHlle^t f What are telesco^o 
•tars f 919. Why cannot the diHtance of the fixed otars be determined .' To 
wrhat is the difibrence in their apparent magnitudes supposed to be owing? 
020. Have the stars any motion ? 922. What is the Galaxy ? 
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Bist of an immense number of stars, which, from their 
apparent nearness, cannot be distinguished from each 
other. 

923. Dr. Herschel saw, in the course of a quarter of an boar, the 
astonishing number of 116,000 stars pass through the field of his 
telescope, while it was directed to the milky way. 

924. The ancients, in reducing astronomy to a science, formed 
the stars into dusters , or eonsuUtitions* to which they gave partic- 
vlar names. 

925. The number of constellations among the ancients was about 
fifly. The moderns have added about fifty more.t 

9^. On a celestial globe, the largest star in each constellation is 
usually designated by the first letter of the Greek alphabet; and the 
next largest by the second, &.c. When the Greek alphabet is ex 
hausted, the English alphabet, and then numbers, are used. 

927. The stars, and other heavenly bodies, are never seen in their 
true situation, because the motion of light b progressive; and, 
during the time that light is coming to the earth, the earth is con- 
stantly in motion. In order, therefore, to see a star, the telescope 
must be turned somewhat before the star, in the direction in which 
the earth moves. [See Resultant Motion, JVb. 192.] 

Hence, a ray of light passing through the centre of the telescope, 
to the observer's eye, does not coincide with a direct line from his 
eye to the star, but makes an angle with it; and this is termed the 
aberration of liglit.X 

926. On account of the daily rotation of the earth on its axis, the 

* The names of the si^ns or the zodiac have already been |(iven. {See Ifo. 
864.) It remaina to be observed, that each constellation is aboat 30 d^rees, or 
a si^n, eastward of ttie sign or the same name. For example, ihe constellation 
Aries is SO® eastward ur the sign Aries, and the constellation Taurus 30** east- 
ward of the sign Taurns, and so on. Thus the sign Aries lies in the constella- 
tion Pisces ; the sign Taurus in the constellation Aries ; the sign Gemini in the 
constellat ion Taurus, and so on. Hence the importance of distinguishing be- 
tween rhe signs of the zodiac and the constellations of the zodiac. The cause 
of the difference is the precession of the equinoxes. [See note to No. 854, and 
No. 945.) 

f Our observations of the stars and nebulas are confined principally to those 
of the northern hemisphere. Of the constellations near the sonth pole we 
know but little. [See first note to No. 854.] 

} In determining the true place of any of the celestial bodies, the refiractive 
power of the atmosphere must always be taken into consideration. This prop- 
erty of the atmosphere adds to the length of the days, by causing the sun to> 
appear before it has actually risen, and by detaining its appearance after it haS 
actually set. 



Of what is it supposed to consist > 924. How did the ancients divide the 
stars i 925. What was the number of constellations among the ancients i 
How many have been added by the moderns i 926. How are the stars desif- 
nated nn the celestial globe ? Note. What is the situation of each constellation 
now i Illustrate this. What is the cause of this diflbrence ? 927. Why do we 
not see the stars, and other heavenly bodies, in their true situation i How can 
a star be seen in its true situation ? What is meant by the aberration of light f 
Note. What is necessary to be taken into consideration, in determinin|rtl e true 
place of the celestial bodies ? What eflTect has this property of the atmosphers 
on the length of the days f 
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whole wifhere of the fixed gUn,&c. appear to move round tlie earth 
every twenty-four hours from east to west. To the inhabitants of 
the northern hemisphere, the immovable point, on which the whole 
seems to turn, is the Pole Star. To the inhabitants of the southern 
hemisphere, there is another, and a correspondingr point in the 
Ijeaven**. 

9S9. Certain of the stars sorroundingr the north pole, never set to 
us. These are included in a circle parallel with the equator, and in 
every part equally distant from the north pole star. This circle is 
called the circle oi ptrpetwd apparition. Others never rise to us; 
these are included m a circle equally distant from the^ south pole ; 
and this is called the circle of perpehud occultaiion. 

Some of the constellations of the southern hemisphere are repre- 
sented as inimitably beautiful, particularly the cross. 

930. The parallax of a heavenly body is the difference 

between the true and the apparent situation of the body. 

931. Illustration. In Fig. 140, A G B represents the earth, and 
C the moon. To a specUtor at A, the moon would appear at F; 
while to another at B, the moon would appear at D ; but to a third 

Fiff. 140. B 




spectator at G, the centre of the earth, the moon would appear at E, 
which is the true situation. The distance from F to E is the paral- 
lax of the moon when viewed from A, and the distance from £ to 
D is the parallax when viewed from B. 

932. From this it appears, that the situation of the heavenly bod- 
ies roust always be calculated from the centre of the earth ; and 
the observer must always know the distance between the place of 
his observation, and the centre of the earth, in order to make the 
necessary calculations, to determine the true situation of the body. 
Allowance also must be made for refraction. [See note to JVo. COO.] 

933. The moon is a secondary planet, revolving about 
the earth, in about 21 \ days. Its distance from the 
earth is about 240,000 miles. It turns on its axis ia 
precisely the same time that it performs its revolution 

980. What is the parallax ofa heavenly body f Explain Fig. 140. What ap- 
pears from this i What allowance must also be made .' 933. Is the moon a 
primary or secondary planet ? How long is it in performing its revolution about 
the earth i What is its distance from the earth } 

17* 
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about the earth. Consequently it always presenta the 
aame side to the earth. 

934. The most obvious fact in {relation to the moon, is that itf 
iuk is constantly changring its appearance, sometimes only a semi* 
etrcular edge being illuminated, while the rest is dark ; at another 
time, the whole surface appearing resplendent. This is caused by 
the relative position of the moon with regard to the sun and the 
earth. The moon is an opaque body, and shines only by the light 
of the sun. When, therefore, the moon is between the earth and 
the sun, it presents its dark side to the earth ; while the side pre- 
sented to the sun, and on which the sun shines, is invisible to the 
earth But when the earth is between the sun and the moon, the 
illuminated side of the moon is visible at the earth. 

935. niustration. In Fig. 141, let S be the sun, £ the earth, and 
A B C D the looon in different parts of her orbiL When the mooo 

Fif. 141. 




is at A, its dark side will be towards the earth, its illnminated part 
being always towards the sun. Hence the moon will appear to us 
as represented at a. But when it has advanced in its orbit, to 
B, a small part of its illuminated side comes in sight, it appears as 
represented at 6, and is said to be homed When it arrives at C, 
one half its illuminated side is visible, and it appears as at c. At C, 
and in the oponsite point of its orbit, the moon is said to be in quad' 
rature. At D its appearance is as represented at rf, and it is said 
to be gibboHS. At E all iu illuminated side is toward us, and we 
have a full moon. During the otlier half of its revolution, less 
and less of its illuminated side is seen, till it again becomes invisible 
at A.* 

• Thfi fbllowing signs are used In our common almanacs to denote the dlllfcr. 
ent posiiioiw and phtuesi of the moon. ) or ]) deiiute* the ninoii in the Jint 
qiuadriiiure } ihai is, the quadrature between change and lull ; ( or C denotes 



*^'. J^'?.**/ ^"i***® most ohvlouK riot In relation to the moon .' I low is tliis 
caused t What kiud of a body is the moon .' Uy what light dues it shino t 
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936. The mean difierence in the rising of the moon, caused by iti 
.daily motion, is a little less tlian an hour. But on account o( the 
difl^rent angles formed with the horizon by different parts of the 
ecliptic, it happens that for six or eight nights near the full mooni 
of September and October, the moon rises nearly as soon as the sun 
is set. As this is a great convenience to the husbandman and the 
hunter, inasmuch as it affords them light to continue their occupa« 
tion, and, as it were, lengthens out their day, the first it called the 
harvest moon, the second the hunter a moon. These moons are al- 
ways most beneficial when the moon's ascending node is in or near 
Jirieg* 

937. An eclipse is a total or partial obscuration of one 
heavenly body by the intervention of another.^ 

938. The tides are the regular rising and fallinff of 
the water of the ocean twice in about 25 hours. 1 hej 
are occasioned by the attraction of the moon ; but are 
affected by that of the sun also. 

the moon in the last quadrature *, that is, the quadrature between fUn and 
diange ; Q denoted new moon ; ^ denotes full moon. 

When viewed through a telescope, the surface of the moon appears woadsfw 
fully diventifled. Large dark spots, supposed to be excavations or valleys, are 
visilile to the eye ; some parts also, appear more lucid than the (eneral siirfiice. 
These are ascertained to be mountains, by the shadows which ihey cast. Maps 
of the moon's surface have been drawn •, on which most of these valleys and 
mountains are delineated, and names are given to them. Some of these exca- 
vatiuns are thought to be 4 miles deep and 40 wide. A hi^h ridge genernlly sur- 
rounds them, aiid often a mountain rises in the centre. These immense deprea« 
■ions probably very much resemble what would lie the api>earance of the earili 
ai the moon, were all the seas and laJtcs dried up. Some of the mountains are 
supposed to be volcanic. 

* The reader who wishes a simple and clear illostration of the causes whidi 
produce the harvest moon is referred to Wilkins's Astronomy* page 6i». 

t The situation o." the earth with regard to the moon, or rather of the moon 
with regard lo the earth, occasions eclipses both ofilie sun and moon. Those 
of tne sun take place when the muon, passing between the sun and earth, in- 
tercepts his rays. Those of the moon take place when the earth, coming be- 
tween the sun and moon, deprive the moon of his light. Hence, an eclipse of 
the sun can take place only when the moon changes, and an eclipse of the moon 
only when the moon fulls*, lor at the time of an eclipse^ either of the sun or 
moon, the xun^ earthy and moon munt be in the same strais^kt tine. 

If the moon went around the earth in the same plane in which the earth 
foes around ihe sun, that is, in the ecliptic, it is plain that the sun would be 
eclipsed at every new moon ; and the moon would be eclips^ at every full. For 
at each of these times, these three bodies would be in the same straight line. 
But Ike moon's orbit does not coincide with the ecliptic, but is inclined to it at 
an angle of about 5" 20'. Hence, since the apparent diameter of the sun is but 
about \'2 a degree, and that of the moon about the same, no eclifwe will take 
place at new or f-ill moon, unless the moon be within 1-2 a degree of the eclip- 
tic, that is, in or near one of its nodes. It is found that if the moon be withta 

If ow does the moon appear when viewed through a telescope t 936. What 
causes the difierence in the rising of the moon ! What is the mean diflerence 
In the rising of the moon ? What is the harvest moon f What is the hunter^s 
moon f When are the moons always the most beneficial .' 937. What is an 
eclipse t When does an eclipse of the sun take place f When does an eclipse 
of the moon take place ? ^ What is necessary at the time of an eclipse f 83S. 
Wliat are tides ! By what are they occasioned f 
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Fig. 142. 





939. Let M, in the above figure, be the moon revoWing in its or 
bit; £, the earth covered with water. The moon, attracting the 
earth, afirots the solid parts of it, as if its whole weight were in a 
point at or near the centre £. But the waters at A, being nearer 
the moon than the point E, are more strongly attracted than the 
earth, at £, and axe consequently drawn away from the earth, and 
raised up under the moon at A . The waters, on the opposite side 
at B, being farther from the moon than the earth at E, are conse- 
quently less powerfully attracted than the earth, which is drawn 
from them, and they s're raised at B. When the waters are raised 
at A and B, it is plain they must recede from the intermediate 
points C and D. 

16 1-3* of a node at time of change, it will be to near the ecliptic, that the sim 
will be more or leM eclipsed } if within 1?« at time of flill, the moon will be 
more or less eclipsed. 

It is obvious that the moon will be oflener within 16 1-2^ of a node at the time 
of change, than within 12*^ at the time of full ; consequently there will be more 
eclipses of the Hun than of the moon in a course of years. As the nodes com- 
monly come between the sun and earth but twice in a year, and the moon*8 or- 
bii contains seo**, of which 16 l-2<>, the limit of sular eclipses, and 12<>, the limit 
of lunar eclipses, are but sniall portions, it is plain there must be many new and 
Aill moons without any eclipses. 

Although there are more eclipses of the sua than of the moon, yet more eclip- 
ses of the moon will be visible at a particular place, as Boston, in a course of 
years, than of the sun. Since the sun is very much larger than either the earth 
or moon, the shadow of these bodies must always terminate in a point ; that is, 
it must always be a cone, in Fig. 143, let S be the sun, m the moon, and B the 
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Explain Fig. 142. ITow often wonld there be an eclipse. If the moon went 
round the earth in the same plane in which the earth goes round the sun ? 
Why f What is the inclination of the moon's orbit to the ecliptic .' What is 
the apparent diameter of the sun and moon f What follows from this f When 
is the sun eclipsed t When the moon i Does an eclipse happen every time 
there is a full or new moon ? What must the shadows of these bodies always 
be ? Why ? Explain Fig. 143. 
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941. As the mooa's orbit varies but little from the ecliptic, the 
moon is never more than 29® from the equator, and is ^nerally 
much less. Hence the waters about the equator beinff nearer the 

.moun, are more atrongrly attracted, and the tides are mgher than 
towards I he poles. 

942. The sun attracts the waters as well as the moon. When 
the moon is at full or change, being in the same line of direction, it 
acts with the sun ; that is, the sun and nK>on tend to raise the tides 
at the same place, as seen in the figure. The tides are then very 
hiirh, and are called spring tides. 

iJut when the moon is m its quarters, as in Fig. 145, the sun and 
moon being in opposite directions, tend to raise tides at different 
places ; namely, tlie moon at C and D, and the sun at A and B. 
Tides that are produced when the moon is in its quarters, are low, 
and are called neap tides.* 

foniily at such times as at others. But these beams are intercepted, and the 
earth is eclipsed only where the inoon*s shadow falls, that is, od only a part of 
a hemisphere. In eclip.^^es of the moon, that body «eases to receive light from 
the sun, and, consequently, ceases to reflect it to the earth. The moon under- 
goes a change in its appearance ; and, consequently, this change is visible at 
the same time to all to whom the moon issvisible ; that is, to a whole hemi- 
sphere of the earth. 

The earth's shadow (like that of the moon) is encompassed by a penumbra, 
C K 8 D, which is faint at the edges towards R and S, but becomes darker 
towards F and G. The shadow of the earth is hut little darker than the region 
of the penumbra next to it. Hence it is very difficult to determine the exact 
time when the moon passes from the penumbra into the shadow, and from the 
shadow into th^ penumbra ; that is, when the eclipse begins and ends. But 
the beginning and ending of a solar eclipse may be determined almost instan- 
taneously. 

'I'he diameters of the sun and moon are supposed to be divided into 13 equal 
parts, called digiu. These bodies are said to have as many digits eclipsed as 
there are of those parts involved in darkness. 

There must be an eclipse of the sun as often, at least, as one of the moon^s 
nodes contes between the sun and the earth. 

The greatest number of both solar and lunar eclipses that can take place 
during a year is seven. The usual number is four, — two solar and two lunar. 

A total eclipse of the sun is a very remarkable phenomenon. 

June 16, 1806, a very remarkable total eclipse took place at Boston. The day 
was clear, and nothing occurred to prevent accurate ob$>ervation of this inter- 
esting phenomenon. Several stars were visible ; the birds were greatly agi- 
tated ) a gloom spread over the landscape, and an indescribable sensation of fear 
or dread pervaded the breasts of those who gave themselves up to the simple 
effects of the phenomenon, without having their attention diverted by efforts of 
observation. The first gleam of light, contrasted >yith tiie previous darkness, 
seemed like the usual meridian day, and gave indescribable life and joy to the 
whole creation. A total eclipse of the sun r^n last but little more than three 
minutes. An annular eclipse of the sun is still more rare than a total one. 

* There are so many natural difficulties to the free progress of the tides, that 
the theory by which they are accounted for is, in Act, and necessarily, the most 

941. What is the distance of the moon flrom the equator i Where are the 
tides the highest i Why ? 942. How are spring tides caused ? Note. Why 
is a lunar eclipse visible to all to whom the moon is visible at the time f 
What is said of the earth's shadow i Explain by the Agure. Into what are 
the diameters of the sun and moon supposed to be divided i How many digits 
are these bodies said to have eclipsed i How often must there be an eclipse of 
the sun i What is the greatest nnml)er, of both lunar and solar eclipses, that 
can take place during a year f What is the usual number.^ What is said of 
the eclipse of the sun in 1806 f How are neap tides caused f 
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943. *When time is calculated by the sun, it is called 
solar time, and the year a solar year ; but when it is 
calculated by the stars,* it is called sidereal time, aad 
the year a sidereal year. The sidereal year is 20 min- 
utes and 24 seconds longer than the solar year. 

944. A solar year t is measured from the time the earth sets oat 
fiom a particular point ia the ecliptic, as an equinox, or solstice. 
until it returns to the same point again. A sidereal year is measured 
by the time that the earth takes in mailing an entire revolution in 
its orbit; or, in other words, from the time that the sun takes to 
return in conjunction with any fixed star. 

9^. Every equinox occurs 50 seconds of a degree of the great 

imperfect of all the- theories connected with astronomy. It is, however, indis- 
patable, that the moon has an eflbct upon the tides, although it he not equally 
felt in all places, owing to the indentations of the coast, the obstructions of 
islands, continents, &c., which prevent the IVee motion of the waters. In nar- 
row rivers, the tides are frequently very high and sudden, fi*om the resistance 
afforded by theh" banlcs to the free ingress of the water, whence what would 
otherwise be a tide, becomes an accumulation. It has been constantly observ- 
ed, that the spring tides happen at the new and f^ill moon, and the neap tides 
at the quarters. This circumstance is sufficient in itself to prove the connex- 
ion between the influence of the moon and the tides. 

* The solar year consists of 865 days, 5 hours, 48 minutes, and 48 seconds; 
bat our common reclconing gives 365 days only to the year. As the dillerence 
amounts to nearly a quarter of a day every year, it is usuhI, every fourth year, 
to add a day. Every fourth year, the Romans reclioned the 6th of the calends 
ofMareh^ and thefotlowing day^ an one day ; which, on that account, ihey called 
Usaextile, or twice the 6th day; wlience we derive the name of bissextile for 
the leap year, in which we give to February, for the same reason, 29 days every 
fourth year. 

t As it may be interesting to those who have access to a celestial globe, to 
know how to And any particular star or constellation, the following (Urectiona 
are subjoined : 

There is always to be seen, on a clear night, a beaiUiAil cluster of seven 
brilliant stars, which belong to the constellation ** Ursa Major^" or the Great 
Bear. Some have siippomd that they will aptly represent a plough *, others 
say Uiat they are more like a wagon and horses, the foar stars representing the 

Explain Fig. 145. Note. When do spring tides happen ? When neap tides ? 
MS. What la time called when calculated by the sun ? What {a sidereal time f 
How much longer is the sidereal year than the solar .' 944. How is a solar 
year measured f Note, Whnt is the length of a solar year ? Why is a day 
added every Iburth year, to the year i How is a sidereal year measured ? 
•45. What is the precession of the equinoxes f What change has this circum- 
' caussd, wiUi regard to the situation of the constellations f 
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eiTcle, preceding the place of the equinox, 12 months before; and 
this is called the precession of the et/uirunces. It is this circumstanee 
which has casseJ the chanee in the situation of the constellations 
mentiuned in the notes to No. 854 and 924. 

94G. The eai1h*s diurnal motion on an inclined ttatly teglher 
with its annual revolution in an elliptic orbit, occasions sSSloch 
complication in its motion, as to produce many irregoAnltJes ; 
tlierefore trw equal time cannot be measured by the stfn. A clock, 
which is always perfectly correct, will, in some parts of the year, be 
before the sun, and, in other parts, aAer it. There are but four 
periods in which tla; sun and a perfect clock will ogtee : these are 
the l^h ef April, the 16th of June, the 23d of August, and 'the SMth 
of December. 

947. The matest difference between true and apparent time 
amounts to between sixteen and seventeen minutes. Tables of 
equation are constructed Ibr the purpose of pointing out and cor- 
recting these differences lietween solar time and equal or mean 
time, the denomination given by astronomers to true time. 

body of the wajron, and the other three the horses. Ifencf they are called by 
■Diiie the p/ou^h, and by other* they are called Chartet^a UKicn, or wagon. 

Fig. I4(i represetita these seven sisrs : atf fd 
represent the four, and e z B the «>iher three Fig. 146. 

stars. Perhaps they may more nru|ierty tie «| 

called a large dipper, of which e x B repnsMent JT 

the handle, ir a line be drawn through the ^ 

■tars b and a, nnd carried upwards, it will pass T 

a Utile to the left, and nearly touch a sinr rep- _^ \ 

resented in the figure by H. This is the polar P i-. 

star, or the north pole star ; and the Ptars b and ; \ 

a, which appear to point to it, are called the • \ 

jfointers^ l>ecause they appear to point to the | \ 

polar star. j **^^ 

The polar star shines with a steady and j ^.* 

rather dead kind or lij^iu. It alwnys appears in a 1 a_ '^ h 

the same poHitinn; and the north pole of the ^^ ■^ v ^ ^ 

earth alwnys points to it at a// xeaxonit of the » /'z fi ^ ^ 

pear. The other atars 8eeni to move round it B / ^ ▼ 

as a centre. As this star is hIws.xm in the north, / ^ 

the caniinal poiuts may at any time be found / ^ 

by slarlifihl. / 

Ky these stars we can also find any other ^ 
■tar or constellation. ^ 

Thus, If we conceive a line drawn fi*om the a 
star :, leaving B n Utile to the left, it will pass 
thron{;h the very brilliant .star A. tiy looking on 

a celt^stiul globe for the star z, and suppoHing the line drawn on the glolie, as wt 
conceive it done on tlie heavens, we shall find the star and its name, which is 
Arcturus. 

Conceiving another line drawn thronsh fr and 6, and extended some distance 
to the right, it will pass just HJiove anoiher very brilliant star. On referring to 
the glol>e, we find it to be Capella, or tlie gnat. 

In this manner, the student may tiecome acquainted with the appearance of 
the whole heavens. 

&4*': Can true equal time t>e mesMured by the sun f Why } At what peHodf 
of the year do the sun and a pertei'.t clock agree i What is the greatest ditfer* 
suce betweeu true and apparent time t 
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ATniAGTioir. o4. 

AUreetioii of.Colietioa, 59; of gravitation, 58. 

Action, 136.' 

Archimedes's discovery of specific ffravity, 315 note ; screw of, 330, 

Air, how high it extends, &c. 351 ; eiastiQ^ of, 355 ; pressure of, 394; 
how it becomes a mechanical agent, 393. 

Air Pump, 356 ; ezperiments with, 36S2, &c. ; and instruments con- 
nected with, 362, &c. 

Acoustics, 417. 

Anfle, right obtuse and acute, 147 note; of vision, 56S; of ind- 
dence and reflection, 147, 148, and 563. 

Aqueous humor, 634. 

Amalgam, 718. 

Aurora Borealis, 748. 

Armature of a magnet, 810. 

Ampere, his apparatus for illustrating the electro-magnetic rota« 

Astronomy, 837. 

Aphelion, &9. 

Apogee^ 860. 

Axis of the planets, their inclination, dus., 862. 

Aberration of light, 927. 

Asteriods, 896 ; supposed to be fragments of a large planet bunt 
•minder, 896 note. 

Atmosphere, weight of, 399 note, 
^ttlenesii, 81. 
Varometer, 403, 406. 

Battery, electrical, 706. 

Kola's comet, 917 note. 

WiMextile, or leap year, 943 mote. 

Compressibility, 76. 

Compound motion, 151. 

Cloer, bow regulated, 201. 

Cylinder, 233. 

Complex wheel woik, 238. 

Capilary tubes and attraction, 282 A''ote, 
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Capstan, 245. 

Crepusculum, See TtoiUght, 

Crank, 249. 

Caloric, 4G1. 

Camera obscura, 55i . 

Catoptrics, 5(50 ; fundamental law of» 575. 

Cornea, 631. 

Crystalline lens, 635. 

Choroid, 63S. 

Chromatics, 667. 

Color, cause of, 668 and 676. 

Compound galvanic battery, 770. 

Couronne des tasses, 771. 

Calori motor, 764 note. 

Constellations, 8t'>4 note ; ancient, 924. 

Conjunction, inferior and sujierior, 860 note. 

Characters used in Astronomical works, 861 noM. 

Circles on the earth, 873 and 874 ; of perpetoal appaiitioii wad 00- 

cultation, 929 ; galvanic, 758. 
Ceres, 896. 
Comets, 912. 
Clusters of stars, 924. 
Celestial globe, how used, 944 note. 
Divisibility, 37.^ 

Density, 65 ; how affected by heat and coM, 489. 
Ductility, 84. 
Diving Bell, 402. 
Dioptrics, 590 ; laws of, 593. 
Dipping of magnetic needle, 80S. 
Distance of the planets 6rom the sun, 847. 
Diameter, 147 note ', of the sun, moon, and planets, 860. 
Diagonal, 147 note. 

Days and nights, cause of their different lengths, 874 maU, 
Digits, 937 ; note, on page 202. 
Discharger, iotrUeief, 708. 
Extension, 32. 

Expansibility, 77. J* ' '' 

Elasticitj, 79. 
Equilibrium of fluids, 283. 
Echo, how produced, 439. 
Eye, its parts and description of, 628, &c. 
Electricity, 688 ; vitreous and resinous, or positive and neffatiiftt.700; 

conductors of, 693; by induction and transfer, 714, 716, andf 749; 

elicited from a magnet, 835. 
Electrics, 692. 
Electrical machine, 717 ; battery, 706 ; experiments with, 720; dao- 

trical bells, 733; electrical sportsman, 737; electrical saw-miOi 

748 note ; electrical animals, 748 ; note, page 152. 
Electrometer, 720. 
Electro- Magnetism, 812; principal facts relating to the scieiioe,817 

and 828 ; remarks on the science, 836. 
Electric sparks taken from a magnet, 816. 
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Eleelyo-Ma^tieiiiidtt|ftlier.896^ roUtion, aC 

Euth, itt diameter, Ajo^ 83o. 

Eeliptio, 868. 

Eutn, not a perfeot sphere ; appean aa a moon to the inhahitanta 

of the moon, A«., 898. 
Encke's comet, 917; note, on pafe 195. 
EdiMea,937; total eelipae of the aim in 1806,937; note, on page 

Eqninozea, pieoeaaoa of, 945. 

Figure, 36. 

Force, central, 160 ; centripetal and e entrifl igal, 160. 

Fatemm, 904. 

FIv-wheel, 248. 

Fnction^264; cause of, 266; how leaaened, 966. 

Fioidfl, 278; pressure of^^3. 

Fountain, how formed, 337. 

Farraday's discoveries, 816 and 836; his apparatus for exhibiting 
the efectro-raa|rnetic rotation, 830. 

Gravity, or Gravitation, 87 ; force of, where greatest. 88 ; efkct of, 
on flttidSj^8; specific gravity, 100; centre of, 164. 

Governor, 273. 

Glass chimneys, how protected from fracture, 486 note. 

Gasometer, or gas generator, 736 ; note, on page 147. 

Gymnotus Electricus, 748 note. 

Galvanism, 750 ; difierence between electricity and galvanism, 750; 
its effects, 779 ; history of, 750 note. 

Galvanic conductors, 757. 

Galvanic circle, 760 ; efiects of, how increased, 765. 

-Gkilvanometer, 826. 

Creorgium Sidus, 909. 

Galaxy, 922. 

Gibbous, when the moon appears, 935. 

Great Bear, 944 note. 

Heat, 459 ; its effects, 69 and 466 ; laws of, 458 ; sources and effects 
of, 467 and 483, &c. ; when greatest on the earth, 868; how 
propagated, 508 ; and reflected, 511. 

Hydrostatics, 277. 

Hydrostatic Bellows, 302. 

Hydrostatic Press, (Bramah,) 306. 

Hydrometer, 317. 

Hydraulics, 320. 

Hygrometer, 405 and 409. 

Harmony, science of, 427. 

Heavenly bodies, why not seen in their real place, 600 ; their situa- 
tion must be calculated &om the centre of the earth, 932L 

Hydrogen pistol, 736. 

Hydro-electiic current, 816 note. 

Helix, 824 noU. 

Hesperus, 889 note. 

Herschel, 908. 

Halley's comet, 917; note, on page 196. 

Harvest moon, 936 

i8* 
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Hunter's moon, 996. 

Iinpenetrability, S5. 

Indestructibility, 45. 

laettia, 51. 

Incident motion, 146 ; incident ray, 56B. 

Incidence, angle of, 147. 

Inelineck phuie, 951* 

Iris, 632. 

insulated, 695. 

Induction, electricity by, 714. 

Juno, 896. 

Jupiter, 897 ; his satellites, eclipses of, 901 ; Iiii belt!, 

Kaleidescope, 686. 

Kepler's Law, 864 ; Ulustntion ofj 8654 

Lever, 207. 

Liquids, 279. 

Locomotive steam engine, 507. 

Light, laws of, 541 and 593 ; composed of diflbrenl eolAt%671} Hi 

velocity, how ascertained, 901. 
Luminous bodies, 516. 
Lens, 604 ; various kinds of, 605 ; focal distance of, 614 $ fliibeti lai^ 

616 note ) why used in spectacles, 626. 
Leyden jar, 704 ; how silently discharged, 713. 
Lightning, 747. 
Lightning rods, 713 ; square, better than round ones, 748 note \ mittt 

not be painted, 748 note ; Dr. King's and Mr. Quimby*s, 748 tmU ; 

first proposed by Franklin, 748 note. 
Line of direction, 181. 
Loadstone, 782. 
Lucifer, 889 note. 

Longitude ascertained by eclipses of Jupiter's Satellites, 901 
Matter, definition and properties of, 15 ' all matter attractive, 86. 
Mobility, 78. 
Malleability, 80. 
Mechanics, 111. 
Motion, 112; uniform, accelerated, and retarded, 194 ; ttompottUd, 

151 ; circular, 157 ; centre of, 159 ; axis of, 159 ; resultant mo- 
tion, 192 ; when imperceptible, 556 ; cause of in the heavenly 

bodies, 843; their motion not uniform, 863. 
Momentum, 1.33. 
Magnitude, centre of, 163. 
Mechanical powers, 203 and 206. 
Medium, 268 and 528. 
Main spring of a watch, 270. 
Magdebufffh cups, or hemispheres, 383. 
Mirrors, plain, concave and convex, 565 ; laws of refleetioB ftotti, 

576, &c.; concave, why they magnify, 574; convex, why tfaaj 

diminish, 570. 
Microscope, single, 644; and double, 648; solar, 650. 
Maffic lantern, 657. 
Multiplying glass, 684. 
Magnetism, 780 ; how it resembles, and difiers from electricity, TUB 

note ; communicated by electricity, 823 and 833. 
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Magnetjpropertie* of, 785; polaritgr o(98S| 
ing, 788; iti powerg, how inegBiied, 7&i ; mau 
artidona m%amt$», b&w mdif HW Md Mte; 

Maiiiier*8 eonnMM, 804. 

MafMCi>-«lBolnQia iDMlrfMi (AHlHi'^ m arti^ 

Mercury, 886. 

Mars, aKS. 

M0lM>fW«tMIM, ttS Mlib 

Milky way, 998. 

Moon, 933. 

Nataral philosophy, definitkMi ^ 1 ; principal brtnohes ^ fL 

NoB-electrlet, WO. 

Northern lights, 74a 

Oil, effects of, on waTOs, 328 note. 

Optics, 514. 

Optic nenre, 640. 

Oersted's discoveries, 815. 

Orbits of the planeto, 844 ; their inclinafloo to cash olter, BBOf*. 

Opposition, 859 note. 

Perpendicular, 147 note. 

Parallelogram, 147 note. 

Projectile, 174. 

Parabola, 177. 

Projectile, random of, 178. 

Pendulum, 195 ; vibrations of. 196, Ae. 

Pulleys, 221 ; fixed and movable, 8SB and 9M ; pnetieal OM oILSSO 

Pinion, 240. 

Pyronomics, 458. 

Pyrometer, 48tf. 

Pupil of the eye, 633. 

Prism, 670. 

Planets of the solar system, 839 ; how distmgiusfaed firon «lafs.841 f 

interior and exterior, inferior and snperior, 847 nefs ; infawitedi 

875 note. 
Phosphor, 889 note. 

Perihelion, 859 ; of the planets, in what sign, 861. 
Perigee, 860. 
Pallas, 896. 

Pole or Polar star, 928 ; how to find, 944 note. 
Parallax, 930. 
Porosity, 64. 
Quadrature, 935. 
Rarity, 66. 
Reaction, 136. 
Reflected motion, 144. 
Radii, 147 note, 
Radius vector, 864 note. 
Reflection, angle of, 148. 

Reflecting and refracting sabstanDet, 519 and 620. 
Reflected ray, 562. 

Refraction of light, 591 ; effects of, 597 and 617; lawa of, G03. 
Retina, 637. 



produoed, 697. 
ammnaaw meeinoitTi 700. 

Bmil«lioii,MUiiiJ,ortliepbiiete,8l6; ttomid Ihrir ums 848. 
Bajrs, eoBv«i|iii(,m; difwgiiif,(S83; oUifiie ind ve^^ 

<86daBd869L 
B accifg f <f aa air p— qpt 886; ■m j gkt w e d f e t , 789 Mid 837 wtifc 



SpodftB mWtjr, 100; af bo^M. liow ■loartdMd, 819 aad SISj 
■lMid«5 of, 310 ; tdifoorapeeifiognTitiM,311 



Springiy bow fi)niied, 334. 

qrplioii, 338. 

filoaiid,418; produced Inr ttnajn. 4A>; veloeitjr oi; 487; €f Iht 

haman Toiee, how prodaoed, 453. 
flonoroiu bodies, 423. 
Steam, elaetio force of, 494. 
Sleam engine, 496 and 503; moring part oil 508; inTonloni and 

improven of, 503 note ; Wati'a Steam Eogue, 506 ; Looomolife 

Steam Engine, 507. 
Shadowa, dx., 53S. 
Sclerotica, 639. 

Bkjf came of ita blnencM, 673 iMte. 
Spiral tnbe, 736. 
Straight receiver, 739. 
Silunia Electricus, 748; note, on page 158. 
9teieo-ele( trie current, 816 note, 
baxion, J., his magneto<«Iectrical machine, 836 note. 
Solar system, 839 ; relative size of bodies belonging to, 860 ; tablea 

of, 205 and 206 pages. 
Stars, 840 ; how distinguished from planets, 841 ; classed into riz 

magnitudes, 918 ; never seen in their true situation, 927. 
Size, relative, of heavenly bodies, 860. 
Seasons, cause of the vanations of, 873 
Sun, its size, diameter, &c., 878. 
Saturn, iK)4. 

Tables, 205 and 206 ^M^et. 
Tenacity, 85. 
Tackle and faU, 231 
Toggle joint, 275. 
TanUlus's cup, 340. 
Thermometer, 404 and 408. 

Transparent and translucent substances, 517 and 518. 
Telescopes, &c., 658 ; refracting and reflecting, 660 and 061. 
Transfer, electricity by, 716. 
Thunder-house, 741 . 
Torpedo, page 152^ note to No. 748. 
Thermo-electric current, 816 note. 
Tropic, 874. 
Tangent, 147 note. 
Transit of Mercury and Venus, 891 • 
Telescopic stars, 918. 
1^938. 
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Time, solar and lidereal, 943; true and i^parent, dUfefSBflt bt 

tween, 947. 
Twilighl how caiued, 601. 
Universal discharger, 730. 
Uranus, 909. 
Ursa Major, 944 note. 
Velocity, 116. 

Vibrations of a pendulum, 196, Ac. 
Velocity of a current, how aacertaiiwd, 326. 
Vacuum, 358 note. 
Ventriloquism, 455. 
Vision, angle of, 552. 

Vitreous humor, 636; Titreoua electricity, 700 
Voltaic electricity, or gjUranism, 750 ; mlfefenoe be t ipeea tUi 

common electricity, 775. 
Voltaic battery, 768 : effiscts of, drc, 775, note, on paos 160. 
Voltaic pile, 766. 
Venus, 889. 
Vesper, 889 note, 
Vesta, 896. 

Watch, how it difiera from a doek, 208. 
Wheel and axle, 233. 
Wedge, 256. 
Water, compressible, 279 note; inatmrneiiti lor imiiiBf, W9\ 

it becomes a mechanical agent, 341. 
Water Level, 286. 
Waves, how formed, 328. 

Water wheels, overshot, nndenhot, and breast, 342. 
Wind, 415. 

Whispering galled^y 444. 
Year, solar and ndereal, 944. 
Zodiac, 853 ; signs of, 8&i. 
Zodiacal light, S^. 

N B. For the convenienee of leeltatioB, tfat fifoiw m •■ l» 
peated on separate leavea. 
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Fig. 133. 




"K^iirv ^^rs ^"* -S^J^ 

O^ O O O 



Oi 



StrweTfl 







'I 



235 



ng.m. 




• '1 



r%.Mk 



u 




296 



4 







• •. . '.-> 





Kig 113. 





0^ 







un- 






THE NEW 

'hu book i> 
talc 


^^H 


YORK PUBLIC LIBRARY H 

BRBNCB D8PA8TMBNT H 


en from the Buildioi H 



































































































